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ABSTRACT 


The response of twenty-seven angina pectoris patients, AP, 
and nine post-infarction patients, PI, to eighteen months of endurance 
training was investigated, Their training was individually directed 
and adjusted, Treadmills and bicycle ergometers were used, Work 
loads were selected to elicit a myocardial hypoxic response, at 
60 - 70% MVO,, for the angina patients and at 70 - 80% bw, for the 
post infarction patients. The angina group trained five days weekly, 
while the infarction group trained for three days weekly, All patients 
were initially tested using a multistage stress test with continuous 
ECG and blood pressure recording and oxygen consumption measurements, 
Stress tests were repeated at six month intervals, Both groups 
increased their fitness levels, Maximum heart rate increased 11% 
for the angina group and 6.6% for the infarction group, Maximum 
aerobic power increased approximately 26% for each group, At sub- 
maximal loads heart rate decreased 10% for the angina group and 13% 
for the infarct group, Decreases of up to 85% in the ST segment 
depressions were seen in the angina group for a submaximal load after 
the training. Duration of the multistage test increased up to 60% and 
work loads increased up to 75% after the training. The ST segment 
depression was found to be related to the heart rate, Improvements 
in this relation were found to occur, This improvement was shown 
to be paralleled by increases in coronary collateral circulation in 


the pre and post training coronary angiograms of three subjects, It 
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was concluded that endurance training can increase the fitness of 
both angina and post infarction patients, Myocardial fitness was 
also increased as a result of the training as reflected by the 


improvement in the ST-HR relationship. 
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CHAPTER I 
INTRODUCTION 


It is paradoxical that the wealthy, overdeveloped nations 
which have produced so many advances in preventive and curative medicine 
suffer a greater incidence of heart disease than do the poorer, under- 
developed countries, In Canada, an estimated 2.5 million people have 
some form of heart disease, 75,000 men die annually in Canada from 
heart disease and about 90% of these men die from ischaemic heart 
disease, 40% of the men who die from ischaemic are between the ages 
of 35 and 52 years, the- years when they are highly productive finan- 
cially. About $250 million is lost annually either directly or in- 
directly, as a result of the premature death of these men. 72 ). 

Much of the attention has been focused on the vascular aspects 
of heart disease, viz. atherosclerosis, cholesterol levels, thromboses 
etc, This aspect of the disease restricts coronary dilatation, 
produces narrowing or occlusion of the lumen of the coronary arteries, 
and hence decreases or stops coronary blood flow, causing diffuse or 
localized hypoxia or anoxia which can cause arrhythmias, cell necrosis, 
Re anegtan and death. Most of the research has directed either towards 
prevention of atherosclerosis by drug and diet manipulation or correction 
of vascular pathological states by surgical procedures, 

However, it is becoming increasingly apparent that the vascular 
restriction of myocardial oxygen supply is not the only cause of 
ischaemia but that the disproportion between supply and demand of 
oxygen produces the ischaemia, Concepts of heart disease are now 


tending towards a pluricausal production of cardio-pathies ( 69 ), 
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Several investigators, including Raab (58), Von Euler ( 25), and 
Bajusz (4 ) have shown the importance of the role of catecholamines 
in myocardial metabolism, electrolyte balance, oxygen consumption 

and the resultant disproportion between myocardial oxygen supply and 
demand, Longitudinal epidemiologic studies carried out by several 
groups ( 42, 53, 74 ) have shown that cigarette smoking, sedentary 
living, hypertension, high anxiety-high aggression personalities and 
diets high in cholesterol and animal fats are important risk factors 
associated with ischaemic heart disease. Treatment of the disease 
thus involves treatment of the risk factors as well as the disease 
itself, Frequent endurance training has been encouraged and the 
effects of endurance training on post-infarction patients has been 
studied ( 22, 40,61,30,70. Some studies have shown the mortality 
rate of trained cardiac patients to be lower than for untrained cardiac 


patients ( 61, -40 Me 
STATEMENT OF THE PROBLEM 


This study was carried out to determine the effects of long 
term endurance training on maximal and sub-maximal measures of heart 
rate, aerobic power, blood pressure, systolic pressure-heart rate 
product, pulse oxygen and ST-segment depression and the ST-segment 
depression-heart rate relationship, ST-HR, in angina pectoris patients 


and post-infarction patients, 
RATIONALE FOR THE STUDY 


Tt has frequently been shown that endurance training causes 
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relative bradycardia, increases in aerobic power and work capacity, 
decreased peripheral resistance and other generally beneficial 
physiologic changes in "normals" ( 1 ). The response of "post- 
infarction" patients to training has been studied and is similar to 
the response of "normals" (30, 40). Development of coronary collaterals 
as a result of exercise is still questionable ( 58). The changes in 
the ST-segment of the exercise electrocardiogram and the ST-HR 
relationship in response to exercise have been shown by Detry and 
Bruce ( 21 ), to occur neither in post-infarction patients, nor in 
angina pectoris patients, 

Evidence concerning the long term (18 months) training of 
angina patients is non-existent, The development of collaterals 
has not been clearly shown, The ST-HR relationship has been examined 
in patients who trained for only a few months, This study will attempt 
to increase the knowledge of the physiological response of angina 


patients and of "post-infarction" patients to long term training. 
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CHAPTER IT 


REVIEW OF THE LITERATURE 
BASIC ANATOMY OF THE HEART 


The heart is actually two pumps separated by a septum with 
the pumps linked in series, The heart requires activation and a supply 
of fuel to keep it operating properly. The right side of the heart is 
a low pressure pump in which the right atrium receives the blood from 
the vena cava, and passes it to the right ventricle which then pumps 
the blood to the pulmonary circulation, The left side of the heart is 
a high pressure pump in which the left atrium receives the blood from 
the pulmonary circulation and passes it to the left ventricle which is 
the high pressure pump that pumps the blood via the aorta to the sys- 
temic circulation, Each side of the heart alternately undergoes con- 
traction (systole), and relaxation (diastole). Activation of the 
heart begins in the sino-atrial node or pacemaker which is spontan- 
eously excited electrically, The electrical impulse is conducted in 
a undirectional path around the heart by a system of highly excitable 
cells, ‘The fuel is supplied to the heart muscle, the myocardium via 
the coronary circulation and the metabolic products removed predomin- 
ately via the venous side of the coronary circulation, Figures 1 & 2 
illustrate diagrams of the chambers of the heart, the excitation system 


and the coronary circulation, 
ELECTRICAL CONDUCTION IN THE HEART 


The electrical impulse starts in the sino-atrial node, SA 
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Figure 1,.-Balanced Coronary Circulation in the Human Heart 
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node, located on the posterior aspect of the heart where the superior 
vena cava joins the right atrium, and passes across the atrium to the 
atrio-ventricular node, AV node, located on the right side of the inter- 
atrial septum near the ostium of the coronary sinus, The impulse passes 
from this node to the ventricles via the bundle of His, The bundle of 
His passes down the right side of the inter-ventricular septum about 
12mm and then divides into the right and left bundle branches, each 
passing down the corresponding side of the septum, Both branches 
subdivide after a short distance into the complex network of Purkinje 
fibres which extends over the subendocardial surfaces of both ventricles, 
The electrical impulse conducted around the heart is due to the change 
in the electrical potential across the semipermeable membranes of the 
myocardial cells, The transmembrane resting potential for atrial and 
ventricular cells is of the order of 90mV with the inside negative. 

This is produced by high intracellular potassium ion concentration, 

low intracellular sodium ion concentration, high extracellular sodium 
ion concentration and low extracellular potassium concentration, Changes 
in these relative concentrations either by diffusion of ions across 

the cell membrane or by gross manipulation of extra cellular or 

serum electrolyte concentrations produce changes in the transmembrous 
electrical potential (63). Because of the large differences in 
transmembrane concentrations of each cation there exists a tendency, 

a diffusion potential, for the ions to diffuse across the membrane to 
remove the electrochemical potential gradient. The diffusion potential 


is related not only to the difference in ion concentrations but also to 
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the permeability of the membrane for the specific ion and to the 
changes in permeability and concentration which occur during excitation 
and relaxation, At rest the membrane is permeable to potassium and 
impermeable to sodium, thus, the electromotive force is determined 
by the potassium diffusion potential, With excitation of the cell 
there is a sharp increase in the permeability of the membrane to 
sodium exceeding the potassium permeability and causing a ey influx 
and KT efflux and depolarization, Thus, depolarization is dominated by 
the sodium diffusion potential and the cell membrane becomes positive 
‘inside relative to the outside, Repolarization of the membrane occurs 
with a Na’ efflux and a K’ influx, While the depolarization uses the 
electrochemical gradients, repolarization must occur against these 
gradients and hence requires an expenditure of energy which is usually 
derived from oxidative metabolism, 

The intrinsic excitation of the pacemaker cells may be due 
to a small membrane Nar conductance which only permits a polarization 
to -65mV inside not the expected -90mV inside and causes the gradual 
depolarization of the diastolic membrane potential towards the threshold 
of activation. Because of this gradual depolarization, the nodal cells 
activate first and the contraction rate of the heart is determined by 
the activation rate of the pacemaker. 

The gradual depolarization of the pacemaker fibres at rest 
may be influenced by various factors, Stimulation of the vagus nerve 
which innervates the SA node causes release of acetylcholine from the 
nerve endings and produces a slowing of the heart rate. This has been 


attributed to an increase in as permeability which causes the resting 
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Figure 3, - Normal Electrocardioecram, 
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diastolic potential to approach the theoretical potassium potential, 
( 64). This would increase the time required for the small nd leak 
to bring the membrane potential to the threshold of activation level. 
Conversely, the heart rate is increased by the release of norepine- 
phrine from the sympathetic nerve endings on the SA nodal fibres and 
by high levels of circulating epinephrine released by the adrenal 
medulla, This causes the pacemaker to depolarize more rapidly so 
that threshold is reached more quickly and excitation occurs sooner (64) 
Detection of the electrical activity of the heart may be accomplished 
by indirect methods using electrodes on the body surface, This is 
the basis of electrocardiography. 

In 1903 Einthoven first made recordings of the electrical 
activity of the heart in man which he called electrocardiograms, . The 
interpretations are based on the concept of the vector sum of the 
movement of ions across the membranes of all cells i.e. the entire 
myocardium, The presence of positive charge on one side of the 
membrane and negative charge on the other side creates a dipole 
with the mid point of the dipole being at zero potential. On depolar- 
ization or repolarization the flow of current creates an electrical 
field in a neighbouring conductor (viz. the body), causing potential 
differences to exist on either side of the zero line, These potentials 
can be detected and recorded using electrodes placed at appropriate 
locations in the electric field. The myocardium depolarizes first 
in the endocardium and then in the epicardium while repolarization 


occurs first in the epicardium and then in the endocardium, The normal 
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electrocardiogram, see fig. 3, consists of a baseline and various 
deflections or waves, The letters P, Q, R, S, and T are used to 
designate deflections while the portions between deflections are 
called segments and the distances between waves are called intervals. 
The P-wave represents the atrial depolarization, its duration indicates 
the time required for an impulse to pass from the SA node to the AV 
node, The PR interval is the time required for a stimulus to pass 
from the SA node to the ventricles, The QRS complex represents de- 
polarization of the ventricles, The ST-segment is the portion between 
the end of the complex and the start of the T-wave, It represents 

the time during which the ventricles remain activated and repolar- 
ization may begin, The junction between the complex and the ST- 
segment is denoted by the letter J, Ventricular repolarization is 


represented by the T-wave, 
MYOCARDIAL HYPOXTA 


Myocardial hypoxia, either diffuse or localized, is due to an 
imbalance either diffuse or regional between the myocardial oxygen 
demand and the supply of oxygen by the coronary arteries. The oxygen 
requirements of the heart may be expressed by the equation 0,= M+ 
Ey Py,.in,avhich 0, is the sum of the specific metabolic processes 
related to several specific activities of the heart, M, the maintenance 
cost of keeping the cells alive, E, the oxygen cost of electrical 
activation and P, the energy required to enable the heart to pump, 

The maintenance cost is very small but it may be increased by such 


things as elevated myocardial catecholamine levels. The electrical 
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cost is also small but can be increased somewhat by increases in heart 
rate and yet affected little by changes in the inotropic state of 

the heart. The pumping of the heart has the greatest demand for 
oxygen consumption.( 83). The factors involved in this aspect of 
the myocardial oxygen consumption are heart rate, wall tension and 
inotropic state, The measures which correlate best with myocardial 
oxygen consumption are those which include these three parameters, 

The product of the heart rate and systolic blood pressure has been 
reported to be a good, indirect indication of myocardial oxygen 
consumption ( 19 ) and is relatively easy to measure, 

The imbalance between myocardial oxygen supply and demand is 
affected by: 1) a vascular limitation in oxygen supply due primarily 
to atherogenesis and to functional factors limiting coronary flow, 
and 2) an exaggeration of the myocardial oxygen consumption caused 
by a preponderance of catecholamines, 

The vascular limitation is imposed by such functional factors 
as: 1) compression of intramural coronary branches by systolic 
contraction of the surrounding myocardial fibres; 2) intraventricular 
hydrostatic compression of sub-endocardial vessels; 3) shortening of 
the coronary flow facilitating diastole, and 4) constricting neurogenic 
and pharmacodynamic influences on the coronary arteries as well as 
structurally induced flow changes caused by atherosclerotic deposits, 
These limitations due to functional factors usually result in localized 
areas of ischaemia, especially in the subendocardium, which may cause 


the spotty focal necrosis which is seen in the ischaemic regions of 
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autopsied hearts (70,53). Inadequate coronary perfusion pressure 
gradients, inadequate coronary dilatation = hypermetabolism can 
augment the effects of the above functional factors, Atherosclerotic 
limitations of coronary blood supply, although important, have long 
been overated in importance in coronary heart disease ( 58 ). 
However, atherosclerosis does cause narrowing of the coronary arteries 
which prohibits adequate coronary dilatation and hence causes myocardial 
hypoxia, Atherosclerosis is still advanced as the cause of infarctions 
( 58 ). Recently, careful studies have, however, shown an absence 
of acute thrombotic or atheromatous occlusions in 50% of deaths from 
infarctions (6,73). This aspect of coronary heart disease is important, 
but, how important? 

The other factor causing the imbalance which results in 
hypoxia is an excessive metabolic demand for oxygen. A striking 
feature of the catecholomine-caused elevation of oxygen consumption is 
the lack of increase in external cardiac work done, thus indicating a 
highly inefficient use of oxygen. The reasons for this are obscure, 
It may be due to poor enzymatic manipulation of the oxygen (59 ) or 
to an increase in velocity of contraction without parallel increases 
in tension or in volume output. Excessive catecholomine output can 
lead to Raab*s "breadline concept" ( 58), that is, the cells near the 
start of a capillary extract exceedingly large amounts of oxygen, 
leaving the cells at the tail-end of the capillary with insufficient 
oxygen available in the blood to meet their demands, This may account 


for the necrosis frequently found in papillary muscles (10 ). However, 
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regardless of how the hypoxia is produced the secondary effect 


of this hypoxia is important,( 58 ). 


EFFECTS OF MYOCARDIAL HYPOXTA 


Lack of oxygen supplied to the myocardium causes a decrease 
in aerobic metabolism and an increase in anaerobic metabolism, This 
is reflected by a decrease in the aerobic oxidation of free fatty 
acids and an increase in the anaerobic glycolysis of the myocardial 
glycogen and of glucose removed from the blood, Thus lactate is 
released into the coronary venous blood and severe depletion of glycogen 
can be demonstrated shortly after onset of hypoxia, The shift from 
aerobic to anaerobic ATP production is mediated by the activation of 
phosphofructokinase, PFK, and the phosphorylase system, PFK activity 
is inhibited by the high adenosinetriphosphate, ATP, concentrations 
normally present in the cell and stimulated by inorganic phosphate 
and adenosinemonophosphate, AMP, both of which accumulate inthe 
hypoxic heart ( 384 ). Thus, during myocardial hypoxia AMP and 
inorganic phosphate are formed and PFK activity and glycolysis increases, 
Phosphorylase activity is also increased either by an increase in 
phosphorylase "a"’ levels due to catecholomine release or due to an 
activation of phosphorylase ''b" by the increased levels of AMP and 
inorganic phosphate, There is an increase in glucose uptake thus 
providing more substrate for hexokinase and hence increasing the 
production of glucose-6-phosphate, This increase in glycolsis to make 
up for the loss in energy usually produced by oxidative phosphorylation 


enables a normal level of ATP to be maintained, however, PC decreases 
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thus indicating that the glycolysis energy production is inadequate, 
The glycolysis also decreases the pH thus producing both inadequate 
energy supply and excessive acidosis, It is because of this acidosis 
and insufficient energy that changes in electrolyte balance and 
excitation-contraction coupling occur ( 84 ). 

The equilibrated rhythmical transmembranous exchange of 
electrolytes Ke and Ree depends on the energy requiring cation "pump", 


+; a + 
This "pump" acts during diastole to restore the K Mg y and Na . 


i> 
to their normally high levels. During hypoxia, the energy supply for 
this pump is limited and the required influx of K ions and efflux of 
Na’ ions during repolarization are not maintained thus producing the 
characteristic decrease in internal KT /Nat ratio, The lost K is 
carried off by the blood, 

Decreases in intracellular Kr and Me" per se, if great enough 
can cause cellular necrosis, Intracellular potassium is linked to 
relaxation of actin-myosin complexes, formation of ATP and glycogen 
storage, Loss of potassium therefore affects each of the above 
intracellular components negatively. Potassium loss also causes 
destruction of the cell membrane ( 4 ), 

The excitation-contraction coupling is also negatively affected 
by myocardial ischaemia, The interaction between Cal’ and the 
contractile proteins is greatly decreased at acidic pH levels.( 84 ). 
Thus acidosis due to lactate accumulation during hypoxia may be 
responsible for the decrease in mechanical performance of the hypoxic 
heart ( 984 ). 


These changes may be of significance in myocardial "infarction" 
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and necrosis but the hypoxia stress in angina at safe levels is probably 
not great enough to cause cell membrane disruption or defects in 
excitation-eontraction coupling, The ionic "pump" is, however, 
definitely affected during angina as demonstrated by changes in the ECG, 

Myocardial hypoxia is responsible for different abnormalities in 
the electrocardiogram i.e, arrhythmias, usually due to the electro- 
lyte ratios ean or K'a/Na a, becoming less than normal, These 
changes are caused by an insufficient maintenance of the energy 
required by the ionic "pump" to establish transmembrane electrolyte 
concentrations against their electrochemical potential gradients, 
These changes result in a shortening of the plateau phase of the 
action potential of the ventricles, a hyperpolarization of the resting 
potential and thus a depression of the ST-segment, 

Different arrhythmias are generally produced by different 
degrees of local or diffuse electrolyte imbalance, Ectopic beats, 
beats which originate conduction from an abnormal location in the 
myocardium, occur as a result of locat hyperexcitability in the 
ventricles due to localized hypoxia and electrolyte imbalance, Thus 
premature ventricular contractions (PVC) are frequently seen in the 
hypoxia myocardium, followed, in approximate order of frequency of 
occurence, by sinus tachycardia, atrial fibrillation, ventricular 
tachycardia and fibrillation ( 58 ). Further arrhythmias usually 
do not occur in angina. Before the above arrhythmias occur (isolated 
Pvc's excepted) a depression of the ST-segment is usually seen. 

This depression is the major diagnostic tool of the exercise ECG, 


This depression is probably due to a shortening of the phase in which 
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Na™ and Kr fluxes are equal and possibly a decrease in the rate of 
the rapid repolarization although this may be more significant in 


the T-wave changes in hypoxia. 
PREVENTION OF MYOCARDIAL HYPOXIA 


Prevention of myocardial hypoxia must be done by removing or 
decreasing the effects of the parameters which induce hypoxia viz, 
the vascular, adrenergic and cardiac work factors which produce either 
limitations on supply or excessive demands on the supply. The limit- 
ations on oxygen supply by the vasculature must be overcome either by 
reducing the limitations of the existing vasculature or by developing 
new blood vessels, Reducing the limitations of the existing vascul= 
ature can be done by removing constrictions either atherosclerotic 
or vasomotor, Degeneration of existing atherosclerotic plagues, 
thrombi, etc. has not been shown to occur, Removing vasconstriction, 
i,e, causing vasodilation, by drugs, viz., nitrates, has been shown to 
decrease the supply-demand imbalance ostensibly by increasing the 
coronary vasodilatation (50,79) and hence supply (but possibly by 
increasing peripheral vasodilatation thus decreasing peripheral 
resistance, cardiac work and myocardial oxygen demand) (5079). 
Increases in vascularization have been the target of the many surgical 
revascularization techniques, When the surgery is successful, the 
supply-demand imbalance has been shown to diminish, New vascular- 
ization, i.e. collaterals or capillaries have been shown in a few cases 


vA 
to develop in animal ( 23 ) and in human hearts ( a3 ) previously 
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stressed by hypoxia. This can sometimes occur in angina patients 

even without any treatment ( 63). Decreased adrenergic preponderance, 
either by a decrease of norepinphrine released at the sympathetic 
nerve endings in the myocardium or by a decrease in epinephrine 
released by the adrenal glands, and the resultant decrease in oxygen 
demand is desireable, Emotional stress and tension, tobacco smoking, 
sedentary living, and physical stress all evoke adrenergic output 

and hence increase the myocardial oxygen demand, Thus reducing the 
stress of living by psychological changes, eliminating tobacco smoking, 
and altering physical activity patterns will alter the daily adrenergic 
output and thus decrease the myocardial oxygen demand, Decreasing the 
cardiac work done will also decrease the oxygen consumption, This can 
be done by decreasing the rate of intramyocardial tension development 
and the cardiac output, both of which influence myocardial oxygen con- 
sumption, These reductions can be accomplished by eliminating all 
situations which require increased cardiac work or by decreasing the 
cardiac work needed to cope with a given stress, The first requires 
that extreme mental and physical limitations be placed on the person*s 
mode of life. The second can be accomplished by redirecting the cardiac 
output so that a larger proportion of it goes to the stressed organs 
(i.e. skeletal muscle during exercise) or by decreasing the peripheral 
resistance to the cardiac output thus decreasing the required rate of 
myocardial tension development. Since coronary blood flow is greatest 
during diastole an increase in diastolic time will allow greater flow 
to occur, more oxygen to be transported and less imbalance between sup- 


ply and demand, This increase in diastole can result from a slowed 
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heart rate, 
PREVENTION OF EFFECTS OF HYPOXTA 


As previously stated the secondary effects of hypoxia creates 
the most difficulty in the hypoxic heart, hypoxia being only a form 
of stress, Thus if these secondary effects can be prevented, the 
effects of hypoxia will be less severe. The effects to be prevented 
are the pH and electrolyte changes, It is interesting to note that 
experimental production of lesions is greatly enhanced if preceded 
by K or Me" deficiencies or Na’ excesses ( 4). Conversely if 
Kr and Me" are taised and Na’ decreased prior to treatment with 
cardiotoxic agents less severe damage occurs (4 ). Thus dietary 
manipulation of these electrolytes can often decrease the effects 
of hypoxia ( 4 ). Other sources of KY are the endogenous stores of 
the skeletal muscle and liver ( 4 ). Muscular exercise in animals 
has been demonstrated to produce a large increase in myocardial 
potassium content and a decrease in myocardial sodium content ( 4 ). 
This effect was of significance for up to 24 hours following the 
exercise bout. Selye and his co-workers have studied the effects 
of prestressing with one form of stress on the myocardial response to 
another stress (69,70. They have shown that prestressing with exercise 
cold or restraint will produce resistance to levels of another stress 
which previously elicited cell necrosis, They have termed this phen- 
omenon "stress induced - stress resistance" (69 ). The explanation 


of this phenomenon is still not clearly understood, 
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Production of electrolyte derangement can be caused by high 
levels of catecholamines and corticoids, Selye in his work on stress 
has shown the glucocorticoids to markedly sensitize the myocardium to 
electrolyte imbalances caused by catecholamine preponderance ( 69 ). 
The glucocorticoid production is augmented during anxiety and smoking 
but not during muscular exercise ( 69 ). Thus electrolyte derangement 
can be decreased by decreasing corticoid production i.e, by decreasing 
anxiety and nicotine stress (69,4), The acidosis resulting from myo- 
cardial hypoxia can be decreased by increasing the capacity of the 
myocardium to perform aerobic metabolism, Thus, increases in mito- 
chondria, oxidative enzymes, etc. can decrease acidosis ( 34 ), 
Decreases in serum pH, i.e. acidosis resulting from lactate production 
due to skeletal muscle anaerobic metabolism can be prevented somewhat 


by increasing the aerobic power of the body. 
PHYSIOLOGICAL RESPONSE TO ENDURANCE TRAINING 


Most of the information about endurance training has been 
derived from short term studies on humans or, for more traumatic ob- 
servations, from studies on animals, There have been very few long- 
itudinal studies performed on humans, Of particular concern to this 
study are the longitudinal effect of endurance training on middle-aged 
subjects both "normals" and “cardiac” patients. Hanson et al. ( 36 ) 
studied the effects of a seven month training program on middle-aged 
males, Their results show increases in MO, and maximum work capacity 
of 18% and 22% respectively. Concommitantly, work done/unit sub- 
maximal heart rate also increased, Resting and exercise cardiac out- 
put for a given oxygen uptake declined and produced a relative hypo- 


kinesis, This may have been due to a redistribution of the cardiac 
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output stroke from the viscera and skin to the exercising tissues, 
Stroke volume increased for moderate and heavy work loads. Hanson et 
al. also showed that tension-time index, TTI, and ejection time index, 
ETI, were decreased for submaximal levels while maximum pressure de- 
rivative and ventricular ejection rate increased, The findings of this 
study are supported by similar findings on animals ( 1  ) and humans 
of various ages and levels of fitness (1,24 ). Thus long term training 
programs reduce the physical stress on the body per unit work load 

and increase the maximal stress and work load at which the body can 
perform, Perhaps more important, in terms of myocardial fitness, 
training reduces the moycardial oxygen demand as reflected in de- 
creased TTI for a given submaximal load and increase the maximum 
myocardial oxygen consumption as reflected in an increase in maximal 
TTL, tension-time index being the best indicator of myocardial oxygen 
consumption (67 ). 

Apparent from the decreased stress per given load and increased 
maximal work capacity, physical activity contributes to a decrease in 
the depletion of the myocardial potassium levels (58,4 ). In animal 
experiments, myocardial potassium levels after physcial exertion were 
increased and sodium levels were decreased for up to 48 hours ( 4 ), 
During that time the myocardium was extremely resistant to previously 
necrotizing levels of fluorocortisol with various stresses, trauma, 
and nor-epinephrine ( 4 ). There have been sporadic case reports of 
collateral development in exercised men with angina pectoris ( 39,49. 


However, collateral development has been noted to be a natural re- 
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parative process in coronary artery disease and there is a greater 
prevalence of collaterals in patients with angina than in those with- 
out ( 68 ), Thus collateral development as a response primarily to 
physical training has still not been conclusively shown, Physical 
exercise may induce the development of collaterals, Eckstein ( 23 ) 
showed that exercise induced coronary collateral circulation in dogs with 
a minimum narrowing of the coronary arteries, However, Kaplinsky et al, 
( 43 ) failed to show any difference in the coronary arteries of trained 
and untrained animals, 

Training may also affect catecholamine levels in the heart and 
the adrenal glands and the output of catecholamines in response to 
physical stress, In rats the norepinephrine content in the heart 
has been shown to be the same ( 18 ) or lower ( 55 ) in trained rats 
than in untrained rats while the epinephrine content in the adrenals 
is higher in trained rats, The plasma epinephrine levels at rest were 
lower in exhaustively trained rats than in moderately trained or 
untrained rats ( 16). The catecholamine excretion after exercise 
was lower in trained subjects than in untrained subjects ( 27 ). 

An antiatherogenic effect of training has not been conclus- 


ively demonstrated to occur ( 58 ) 
RESPONSE OF PATIENTS WITH ISCHAEMIC HEART DISEASE TO TRAINING 


Patients with ischaemic heart disease have generally res- 
ponded to training in the same way that "normals" respond, Heller- 
stein and his group (39,40) have studied 254 patients for an average 


of 2.7 years and noted the following results: heart rate and blood 
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pressure per unit work decreased in response to training while 
maximum aerobic power increased, Furthermore, ischaemic ST-T changes 
in the exercise ECG were considerably reduced, Frick and Katila (30) 
trained seven post-infarction patients (5 with angina) and noted 
decreases in TTI per unit work load and the characteristic reduced 
heart rate-increased stroke volume response to physical training, 
Detry and Bruce ( 21 ) studied ST-segment depression of cardiac 
patients following a 3 month training program, Their results showed 
a decrease in heart rate and heart rate-blood pressure product and 
ST-segment depression were greater following training, The relation- 
ship of ST-segment depression to heart rate or heart rate pressure 
product was unchanged, Symptom limited vO, increased 21% and heart 
rate-systolic pressure product increased 10% which may indicate an 
increase in angina threshold, Detry and Bruce concluded that 
training of coronary patients produced a decreased heart rate-blood 
pressure product for a given load and that this decrease accounted 
for the improvement in ST-segment depression per load, Another study 
from the same lab, Detry et al. ( 42 ), showed that an increase in 
A-VO, difference occurred in these patients after training. This 
A-VO, difference compensated for the bradycardia induced by training, 
Detry et al, also showed an 8.4% increase in maximum HR for angina 
patients and a .8% increase for those without angina, They suggested 
the increased A-VO5 difference was the main factor causing the 227 


increase in measured MVO Aside from the above improvements in 
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myocardial and total body fitness many authors have shown a morbidity 
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and mortality of up to 30% less in cardiac patients who undergo 


exercise training than in those who do not exercise regularly (49,61), 


CHAPTER IIT 
MATERTALS AND METHODS 


Twenty-seven men with angina pectoris, age = (50.6 a 6.1) and 
nine men, age = (50,2 3 7.3), who had had infarctions but no angina 
were trained for up to two years, Four of the angina group were 
hypertensive and eight of the angina group had had infarcts, 

The testing and training rooms were maintained at 20°C ‘4 2° 
and at a relative humidity of 40% a 20%. The elevation was 2200 
feet above sea level and the atmoshperic pressure was 695 - 10 mmHg, 

The initial stress test of the subjects was performed on the 
referral of the patients by his personal physician, Stress testing of 
the "post-infarction" patient was also done on referral and no less than 
six weeks after the most recent infarction, Preliminary screening of 
the referred patients involved chest x-rays, both antero-posteral 
and lateral views, twelve lead resting ECG's, SMA12 analysis of blood 
chemistry ( 78 ) and the completion of a questionnaire to determine 
the medical history of the patient. 

The multistage stress test of Bruce (63,13) was used to 
maximally stress the subject physically and to determine fitness 
levels, Table I shows the protocol for the stress test, (horizontal 
lines or dots indicate an observation). ECG, brachial blood pressure 
and expired air measurements and recordings were made during the stress 
test. Testing of the subjects including the multistage test and 
plasma cholesterol and triglyceride levels was repeated at approx- 


imately six month intervals, 
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TABLE I _: Multistage Stress Test Protocol Le 
Stages [ | r | ag" | mm) iv | x | 
Speed i | ay | 7 ge 3.4 4,2 5.0 [ 
(mph) | , 
Elevation | | 10 | 12 14 16 18 
(%) | | ) | | 
Expired Air | | 7 | 
(time of | Som ame TD 
collection) | | | | | 
ECG | | 
(time of r e@eoee 6 eoecesese @ eee es eer eoeteoee ee wo ew 
recording) | | | | | 
Blood Pressure r ; | 
(time of | 
recording) | | 
| 
ECG | 
(time of 
monitoring) | | 
Time | [ | | 
ee ee eee ee ee | iook wa 
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Electrocardiograms were continually monitored using a Tektronic 


oscilloscope and recorded for 10 seconds every 30 seconds starting 


bale 


before the test and continuing until no ischaemic changes in the ECG 


: 
were evident after the test, The electrodes for the ECG were placed as 
Fi SEN cba re I) - ee ae * 
follows: reference lead at the apex of the heart, the exploratory lead 
* . 2 3 Lt + a ; 
at the Ve right position and the ground lead on the manubrium, 


+ a ee | a at a + anr at 
Brachial blood pressure was measured sphygmanometrically at rest and at 
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1 minute intervals during the test and 1 minute after the test, 
Expired air for gas analysis was collected during the third minute 
of each stage and when possible during the final minute of the test, 

The test was terminated immediately when more than two 
consecutive extra systolic ventricular contractions were detected, 
i.e. possible paroxysmal tachycardia not bigeminy, or when signs of 
general circulatory collapse were noted, viz. pallor, sweating and 
especially a fall in systolic blood pressure and possibly pulse rate. 
Severe angina and ST-segment depression were not by themselves sufficient 
criteria for stopping the test, 

Expired air was collected in meteorlogical balloons via a 
low resistance Collins triple "J" valve and flexible tubing (1%" i.d.). 
The oxygen and carbon dioxide content in the expired air was analyzed 
immediately after collection using a Beckman E2 paramagnetic oxygen 
analyzer and a Godart Capnograph infra red COy analyzer, The gas 
analyzers were calibrated immediately prior to and following the gas 
collection using accurately calibrated test gases, Inspired volumes 
were measured and corrected to STPD using the appropriate temperature, 
humidity and pressure correction factors, The inspired volume was 
continually recorded via a DC potentiometer signal output of volumeter 
measurements on a Hewlett Packard 7128A recorder, 

The patients trained using Quinton treadmills and Monark 
bicycle ergometers, Figure IV shows the protocol of a training session, 
The ECG's were continually monitored by nurses, trained in the 


intensive care of cardiac patients, using oscilloscopes, ECG recordings 
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FIGURE 4 Protocol of a Trainine Session 
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ECG ECG ECG ECG ECG 
Recorded Recorded Recorded Recorded Recorded 
1 min 1 min 1 min 1 min 
rest rest rest rest 
4 min, 4 min, 4 min. 4 min, (12-15 min, ) 
Warmup Bicycle training Treadmill training 
leads  nitro- Blood Blood 
placed glycerin pressure pressure 
given measured measured 


35 minutes 
ECG monitored 
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of 10 seconds duration were made during every phase of every training 
session on every patient, Brachial blood pressure was measured 
immediately following the treadmill phase or the third bike phase 

of a training session at least one time per week, Any subjective 
feelings of angina, dizziness etc, were noted, Changes in training 
loads were made whenever the current load did not provoke a mild 
discomfort (load was increased), or when the load provoked extreme 
discomfort (load was decreased). Training loads were thus designed 
to place a hypoxic, yet safe, stress on the myocardium during each 
training session, Nitroglycerin, either 1/100mg, or 1/200mg, was 


given to those patients on whom it was effective, This allowed 
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higher training loads to be performed for a given level of myocardial 
hypoxia. Thus a greater gross training stress could be imposed per 
unit myocardial stress, The training load on the bicycle ergometer 
was changed by at least 75Kem/min whenever a change was made, The 
training on the treadmill was changed by first increasing the speed 
of walking until the patient could walk comfortably at about 4.0 mph 
whereupon, increases in training load were made by increasing the 
grade up which the patient had to walk, When the grade was too great, 
about 12%, skillful walking became difficult and the grade was 
lowered and the speed increased, 

During the course of the study, there were slight changes in 
protocol of the maximum stress test with expired air collection, 
Initially the exercise blood pressure was not measured, Thus the 
blood pressure, systolic blood-pressure-heart rate product, BP X HR, 
and observations for the initial multistage tests were not available. 
The co, content in the expired air was not measured during the 
initial multistage tests. This resulted in an absence of R,Q, 
observations for the initial stress tests, The vo,, Vo, /Kg and pulse 
oxygen measurements taken at that time were later corrected to account 
for the lack of expired co, in the measurements. This was done by 
calculating the oxygen consumption in later tests both with and without 


expired CO, using the following equation: 


vo, = Volume X collection time (sec,) X Patm - PHO Xx 
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The ratio, VO, with CO,/¥O, without CO,, was then obtained for each 
measure, The ratio obtained at the heart rate which corresponded to 
the heart rate of a vo, measurement of the initial test, was then 
used to correct the Vo, without co, of the initial test to a Vo. with 
CO, measurement, Evaluation of this procedure was performed by using 
the ratio obtained in test three to correct the corresponding Vo, 
with CO, measure and then comparing it with the actual 0, with co, 
value obtained during test two, This resulted in less than a 2% error, 
in the Yo, measure, This correction of scores was performed on the 
measures of nineteen of the thirty-six subjects, The improvement in 
Vo, from test 1 to test 2 on these nineteen subjects was equivalent to 
the improvement in Vo, from test 1 to test 2 for the other seventeen 
subjects, The results could therefore be grouped, 

SMA-12 analyses were carried out by a commercial laboratory on 
a Technicon Instruments SMA12-60, The methods for each analysis are 
standard for the particular model used, The screening analyses were 
performed using this autoanalyzer which measures albumin, alkaline 
phosphatase, blood urea nitrogen, calcium, cholesterol, glucose, 
inorganic phosphorous, lactic dehydrogenase, serum glutamic oxalacetic 
transaminase, total bilirubin, total protein, and uric acid, The 
triglyceride and cholesterol analyses (78,47) were also performed in 
the same laboratory on single channel (Technicon) autoanalyzers. 

The coronary angiograms were performed using the technique 
developed by Sones 


The ST-depression was measured by averaging the depression of 
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10 - 15 consecutive beats, Upward sloping ST-segments were not used 

in this measurement, nor were beats used that showed a predominately 
J-junction depression, The ST-depression is that distance ( in mV, 
paper calibrated 1mm = 1mV) from the zero potential line (P-R interval) 
to the part of the ST-segment 50 - 69 msec, after the nadir of the 

S wave. Only horizontal or downward sloping ST-segments were measured, 
Measurements were taken by one cardiologist over a 4 hour period 


with frequent random checks on measurements, 
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CHAPTER IV 
RESULTS 


The general description of the subjects is shown in Table II 
They are quite closely matched for age and the change in weight over 


the training period was negligible, 


TABLE II Description of Subjects 


Angina Post Infarction 
Age BOverae I CC a aey 
(yrs) 
Weight 165 8 7s 1602 624 
(lbs) 
Change Ya wateht Oe he 1.32 3.8 
(lbs) 
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The subjects served as their own controls with the means of the 
measures at the 6 month, 12 month and 18 month intervals compared to 
the means of the initial measures to determine changes resulting from 
the training, 

The results of the repeated maximal stress tests over a 12 
month period for the angina group, AP, are shown in Table III. The 
following are the important observations in Table III: 

(1) The duration of the test significantly increased over the 

first six months and continued to increase slowly (p>.05) 


for the next six months, 
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TABLE IIL Stress Test: Maximal Values For Angina Patients 


Significantly 
Different 
Variable Test # (6 month intervals) Means (p__.05) 
1 2 3 
Duration 327 488 Sit 1-2, 1-3 
(sec. ) 
Heart Rate 137 143 151 Laas. B25 
(beats/min) 
Systolic Blood Pressure Pie 170 175 n.S. 
(mm He, ) 
Pressure X Rate Product 262 271 287 1-2, 1-3, 2-3 
( /100) 
S-T Segment Depression hat 2.0 Leet 1-3 
(mV) 
MVO, (symptom limited) 1.425 1,750 1.800 Lf2, I-8 
(L/min) 
MVO,,/Weight 18.73 22.11 22.91 1-2, 1-3 
(m1/Kg) 
Pulse Oxygen 0,149 0.162 0,166 1-2, 1-3 
(m1,05/beat) 
Respiratory Quotient 1,04 s98 L,07 i. 
(2) The maximum measured heart rate increased significantly over 
the entire one year period, This amounted to an 11% increase, 
(3) The maximum systolic blood pressure-heart rate product, 
BP X HR increased significantly over the one year, This 
amounted to a 9% increase. 
(4) vO, , VO, /kg body weight and oxygen pulse increased 


significantly over the first six months and continued to 
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TABLE IV Stress Test: Maximal Values for "Post Infarction" Patients 


Significantly 
Different 
Variable Test # (6 month intervals) Means (p_ 05) 
1 2 3 4 
Duration 468 603 646 695 1-2, 13, 1-4 
(sec. ) 
Heart Rate 152 E55 159 162 u.s. 
(beats/min) 
Systolic Blood Pressure 186 180 174 169 ‘mn.s, 
(mm Hg, ) 
Pressure X Rate Product 294 278 Sh/ O10 WSs 
( /100) 
MVO, (symptom limited) 1.81 7.02 2,09 250. 223. 134, 
(L/min) 2-3, 2-4 
MVO, /Weight 24.8 26.8 29.3 30,9 1-3, 1-4 
(m1/Kg/min) 2-3, 2-4 
Pulse Oxygen mi as) a Loo racy (19S. “nes. 
(m1.05/beat ) 
Respiratory Quotient Sample size - too small -- 


increase slowly (f3.05) over the next six months, The yearly 
increases were 26%, 26% and 8% respectively. 

The results of the multistage stress test at maximum for the 
"yost-infarction" group are shown in Table IV, The following are the 
important observations in Table IV: 

(1) The duration of the multistage test increased significantly 

over the first six months and steadily thereafter. Increases 
in the first, second and third six month periods were 25%, 
7.5% and 7.4% respectively, 


(2) Heart rate increased 6,6% over the 18 months, 
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FIGURE 5: Changes in Maximal Values for Angina and Post-Infarction Patients 
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TABLE V Stress Test: Submaximal Values in Stage I For Angina Patients 


Significantly 
Different 
Variable Test _# (6 month intervals) Means (p. 05) 
Stage I of Multistage 1 Z 3 
test 
Heart Rate i 105 103 1-2, 1-3 
(beats/min) 
Systolic Blood Pressure 143 136 138 n,S. 
(mm He, ) 
Pressure X Rate 269 fan 241 Hes, 
( /100) 
S-T Segment Depression O56 SES at 1-2, 1-3, 2-3 
(mV) 
Vo Dro 295 1,03 1-2 
(L/min) 
VO5/Kg 14,1 12.9 es oy ie? 
(m1/Ke/min) 
Pulse Oxygen . 130 Aa ie .140 1-3 
(m1 .0,/beat) 


(3) Blood pressure decreased 8% over the 18 months, 

(4) Pressure-rate product increased 6% over the 18 months, 

(5) Wn, vo, /kg and pulse O, increased 25%, 25% and TLé& 
respectively. 

(6) ST-depression is not consistently evident in "PI" patients 
and hence not shown here, 

The results of the exercise of angina patients at submaximal 

levels during the multistage test are shown in Table V, The following 


observations are noteworthy: 


(1) Heart rate decreased 10% (statistically significant) over 
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TABLE VI Stress Test:Submaximal Values in Stages I & II For "Post- 
Infarction" Patients 


Significantly 
Different 

Variable Test # (6 month intervals) Means (p__.05) 

Stage I of Multistage 1 2 | 4 

test 

Heart Rate 106 94 94 96 he Ss 
(beats/min) 

Systolic Blood Pressure 149 145 162) RG 
(mm He.) 

Pressure X Rate Product 145 145 136 6n.S. 
( /100) 

vO 110 0.95 0.77 0.85 ns. 
(L/min) 

VOn/Kg 5.0 13.8 1952 12.7 ° a. 8, 
(m1/Ke¢/min) 

Pulse Oxygen ~ 142 2145 148 So othe Se 
(m1.0,/beat) 

Stage II of Multistage 

test 1 2 3 4, 

Heart Rate 129 119 114 ti eee ie. 8 
(beats/min) 

Systolic Blood Pressure 157 154 148 n.s, 
(mm He.) 

Pressure X Rate Product 194 184 180 Tle Se 
( /100) 

vo 1233 1.47 1.36 1,44 1-2) 1-3, 1-4 
(L/min) 

V0,,/Ke 20.8 19.6 18.4 UG. 7 a2 13, 24 
(m1/Ke/min) 

Pulse Oxygen 165 161 Sear ~LolL i, a, 


(m1,0,/beat) 
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FIGURE 6: Submaximal values for Angina Patients (Stage I) and 
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TABLE VII Daily Training Stress - Angina Patients 


Significantly 
Different 

Variable Time (in months Means 05) 

BICYCLE ERGOMETER 0 6 12 18 

Load 396 529 641 671 1-2, 1-3, 1-4, 
(Kpm/min) . 2-3, 2-4 

Heart Rate 112 118 119 124 1-2, 1-3, 1-4, 
(beats/min) 2-4, 3-4 

Systolic Blood Pressure u25 126 127 132 1-2, 1-3, 1-4, 
(mm Hg.) 2-4, 3-4 

Pressure-Rate Product 145 150 poe 165 1-2, 1-3, 1-4, 
( /100) Jah Bak 

TREADMILL 

Speed 3.1 336 3.8 4.1 1-2, 1-3, 1-4, 
(mph) 2-3, 2-4, 3-4 

Elevation 0 4.6 4.9 4.2 1-2, 1-3, 1-4 
(%) 

Heart Rate 108 U5 117 117 1-2, 1-3, 1-4 
(beats/min) 

Systolic Blood Pressure 121 127 127 126 1-2, 1-3, 1-4 
(mm He. ) 

Pressure-Rate Product 132 148 149 142 1-2, 1-3, 1-4 
( /100) 


the first six months and then changed slightly over the 
next six months, (Stage I decreased 2%). 

(2) Blood pressure decreased slightly (not significant) in the 
first six months (Stage I - 5%) and remained decreased after 
the second six months, 

(3) Pressure-rate product decreased 10% (not significantly) in 
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TABLE VIII Daily Training Stress ''Post Infarction" Patients 


Significantly 
Different 
Variable Time (in months Means (p_.05) 
0 6 12 18 
Bicycle Ergometer Load 525 658 817 848 1-2, 1-3, 1-4, 
(Kpm/min) . 2-3, 2-4 
Heart Rate 118 117 i237 129 1-3, 1-4, 2-3, 
(beats/min) 2~4 
Systolic Blood Pressure he 126 130 131 nS. 
(mm Hg. ) 
Pressure X Rate Product 156 150 166 171 2-3, 2-4 
( /100) 
Treadmill Speed Say 3.8 4.2 4,3 1-3, 1-4, 2-3, 
(mph) 2-4 
Elevation 0 4.1 4.9 3.9 1-2, 1-3, 1-4, 
(7) 2-3 
Heart Rate Lid 118 123 124 1-3, 1-4, 2-3, 
(beats/min) 2-4 
Systolic Blood Pressure 127 124 129 129 n.S. 
(mm He, ) 
Pressure X Rate Product 150 149 158 159 N.S. 
( /100) 


(4) ST-segment depression decreased (significantly) 85% in 
Stage I, 

(5) vo, and vO,/kg decreased (significantly) in the first six 
months in Stage I (13% ). In the next six months, further 
decreases were shown in Stage I ( 2% ). | 

(6) Pulse oxygen increased (significantly) over the 12 month 


period, 
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FIGURE 7: Daily training stress on Bicycle Ergometers for Angina and 
"Post-Infarction" Patients _ 
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FIGURE 8: Daily training stress on Treadmills for Angina and Post- 
Infarction Patients 
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TABLE IX Plasma Cholesterol and Triglycerides - Angina and Post-Infare- 
tion Patients 
Significantly 
Different 
Time (in months) Means 05 
0 6 Vz 18 
Angina Patients 
Cholesterol (mg%Z) 252 267 251 yin ee fe. 8; 
Triglycerides (mg%) 166 150 195 145 1-3 
Post-Infarction Patients 
Cholesterol (mge%Z) 224 245 252 234 VS; 
Triglycerides (mg%) 112 108 107 105 n.eS. 


The results of the "post-infarction" patients at submaximal 


loads during the multistage test are shown in Table VI, The following 


results are noteworthy: 


(1) 


(2) 


(3) 


(4) 


Heart rate decreased 8% in Stage I and 13% in Stage II over 
the 18 months, Decreases were in the first six months in 
Stage I and continuous over the 18 months in Stage II. 
Blood pressure decreased 6% in Stage I and in Stage IT 
continuously over the 6-18 month period, 

Pressure-rate product decreased 7% in Stage I and in Stage 
II continuously over the 6-18 month period, 

VO, and Vo, /kg decreased 20% over the first 12 months in 


2 


Stage II. Increases of 8% occurred in the 12-18 month period, 
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(5) Pulse oxygen did not change significantly over the eighteen 
months, 

The changes in training loads, heart rate, blood pressure 

and pressure-rate product for the angina patients are shown in Table 
VII, The following results are noteworthy: 

(1) Training loads increase agecduue over the 18 months 
(75% increase). 

(2) Training-heart rate increased 10% over 18 months. 

(3) Training pressure-rate product increased 14% on the bike 
and 8% on the treadmill, 

The changes in training loads, heart rate, blood pressure 

and pressure-rate product for the "PIL" patients are shown in Table VIII. 
The following results are noteworthy: 

(1) Training loads increased 60% over the 18 months, 

(2) Training heart rate increased 8%, training systolic blood 
pressure changed little and the pressure-rate product 
increased 8% over the 18 months, 

The changes in the plasma cholesterol and triglyceride levels 
for both the angina and "PI" patients are shown in Table IX, The 
changes were irregular and non-significant, 

There were also some interesting qualitative observations on 
the subjects, 

(1) The number of nitroglycerin tablets taken by the angina 

patients during their regular daily activity decreased from 
7 per week at the onset of the study to 1 per week after 12 


months, 
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The "walk through" phenomenon (51,45 ) was frequently 
observed, That is, the patient while exercising at a 
certain intensity which provokes angina, can continue to 
exercise without stopping or slowing and the angina will 
subside, Kattus ( 45 ) has shown this "walk through" to 
be accompanied by a sderessd in heart rate and a decrease 
in blood pressure, He attributed the "walk through” to 

a decrease in peripheral resistance caused by a vasodil- 
atation in the skeletal muscles, Furthermore, a few 
patients tolerated their training load more if their 
warmup load is higher. Some patients walked through their 
angina frequently while others never did. This only 
occurred at submaximal work loads, 

Many patients consistently had arrythmias of one type or 
other during their training bout, The typical arrythmia 
pattern of a particular patient was seldom cause for 
concern since all other indications of difficulty were 
absent, Thus some patients frequently (almost daily) 

had ventricular extrasystolic contractions or chest pain 
without it being problematic, However, if a patient 
displayed an acharacteristic arrythmie pattern it was 
often accompanied by other negative indicators and was 
indeed cause for concern, For example, if a man normally 


had chest pain but never had ventricular extrasystole"s, 
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he immediately brought on increased attention by the 
nurses (covert) and frequently had his exercise stopped, 
Conversely, a patient who frequently had extrasystole''s 
and no chest pain would evoke concern if chest pain occurred. 
This aspect of the training of angina patients further 
emphasized the great iicertuateeed variability in angina 
patients, 
The patients all expressed subjective improvement in their 
daily life and many returned to a more active life style. 
The intraindividual ST-segment depression correlated very 
‘highly with heart rate (r=.87, p €.05). The interindividual correlation 
eormere maximum heart rate and maximum ST-segment depression was 
quite low (r=.387, p ».05). This further shows the interindividual 
variability in the angina patients, The intraindividual ST-HR 
relationship, although high, is neither a linear function nor a 
mathematically describable function, The changes in the ST-HR 
relationship did not occur in a predictable fashion from one subject 
to another, It would be very difficult to develop a mathematical 
function for this relationship and the improvement in this relationship 
and hence be difficult to quantitatively relate the relationship and 
the improvement to the scores of a population, For this reason the 
changes in ST-HR relationship were measured subjectively and given a 
score on a scale from -7 - +7 based on the individual's ST-HR 
improvement relative to that of the sample in this study. Improvement 
was given a positive score while regression was given a negative score, 


The subjective measure was based on the heart rate at which ST-depression 
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began and on the approximate slopes of the ST-HR relationship, An 
improvement in ST-HR relationship is a decrease in ST-segment 
depression/unit heart rate or an increase in heart rate required to 
evoke an ST-segment depression, Changes of up to 86% were seen in 
the post training ST-HR relation relative to the initial levels. That 
is, the ST depression for a given “ever rate decreased 86% in some 
patients, Increases of 30 beats/min in the heart rate required to 
evoke an ST depresston were observed in some patients, These were 
the largest improvements, Most of the results showed approximately 
a 60% decrease in ST depression per unit heart rate and an 8 beat/min 
increase in the minimum heart rate at which ST-segment depression 
occurred, 

The correlation matrix is included in the Appendix, Noteworthy 
correlations are included in their appropriate places in the discussion 


of the results, 
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CHAPTER V 


DISCUSSION 


One primary objective of the endurance training is to increase 
the efficiency of the od digicn eee ata system so that following 
training the same stress to the body or the same work can be 
accomplished with less stress imposed upon the individual, The other 
primary objective is to increase myocardial functional capacity so 
that a greater work load or greater stress on the myocardium can be 
tolerated by the individual. 

The increase in maximal heart rate which occurred reflects an 
increase in myocardial functional capacity. The maximal heart rate 
increased 11% for the AP group. Detry and Bruce ( 31 ) found an 
increase in maximal heart rate of 8.4% after three months of training. 
The maximal heart rate of the PI patients did not increase initially, 
however during the 6 - 18 month interval an increase in maximal heart 
ede 6.6% did occur, Detry and Bruce ( 21 ) did not find an 
increase in maximal heart rate for PI patients, but their study was 
only for a three month period, The increase in maximal heart rate 
for the AP group in this study was significantly related (r = .62) 
to the improvement in the ST-segment-heart rate relationship, Detry 
and Bruce did not find a change in the ST-HR relationship in their 
patients, Bruce et al. ( 12 ) did find an improvement in the ST-HR 
relationship in another study on eight "asymptomatic" healthy men 
trained for eight weeks, The heart rate for a given submaximal load 


decreased 10% for the AP group and 13% for the PI group, In the 


> 
| 
‘ 
A 
— 
) 
if 
» 
' 
fs 
\ 
} 
Pron 
' 
» gov! 
> , > 


1 
4 saeieedbeas od: Ton v 


yf 
7 oy - ay 


OO - at 
WOIEROO 
ay 


. 


= 7 
rages | Ho - 
- 2 : 


i> w 
y * _ . Z 24 - ’ o 
MINN Vrodseheasteod nine: ste be yorats ty 
es 


r48 Gis 


a ais Ta ebdd qutioas waa, Se Oi 


1fir 


a 


) baangit  adogta aqal’ ate 


i ‘ : - +P [ 
nel aaneasih adh wes ets ote oe 
} w. 


y _ ~~ * .! 
, 4 hol shrite ch ‘iz 9 
eee we 
h Fethad ott og@! body 
1 aony Jened Inutsad nl sandeodt oth. 
— 7 7 


' 7 er | 
Ps 9 Incotr2ore. in thsncogy a2 8807 


oe Sel Ts, 5 te P ) erg Sang cts 


2 
Le 

> 
; 

Q 


[ font ial ase 


nal rey a 
pars [ ott Xe Sane cone? Lehn 


>t 


3 


: : as¢@ 
‘ 4 2 ‘he 
tatalt dutow Oo 1 oS gobvel seveee 
ay vi 
r* ) aooet be vedett jtpase heh Besa A Oig 
: ; h it 


iwaetted 34 tol otet tena fon tead a? sane 


bawoTtS iz ati A Ll’ of tf ion sqvild 4 % rr 4 
i —_ 


ingie nsw youae pidd wt eooge GA. (3 
, ‘ - #pare. wee 
pane inoomoneTh wld ot) toewrsvesenl 
f 7 . 7 
7h, a2 uf apimdo & Beli too bkb soap 
_ . 


‘= 


me no Bake hth ( S) >) wie Yo enbeh sawed 


a 
ivan” gto na vhaia’ tadtonn feet 
ae PaP : ne 


rod 920? tynod ont. .atogw slg 


- iy 


QD 207 FEL tas, quiet ¢ MA add 30 t ROL bas 
- 7 - i - 


7 


; _ : < : 
a 1 > 


48 


Detry and Bruce study the decrease was 9% for their combined group, 
Hanson et al. ( 36 ) found a 13% decrease in heart rate for a 
submaximal load in their middle-aged normal subjects, Thus the 

heart rate response at submaximal loads in the AP and PI groups 

is similar to but slightly less than the response for middle-aged 
normals, This may be due to a fever absolute training stress in 

this study or due to differences between the response of the patients 
and the normals to training. 

The duration of the multistage test increased for both the AP 
and PI groups. This may be due in part to the decrease in heart 
rate/unit work load that would enable the patient to walk the duration 
of the previous test at a submaximal heart rate thus enabling him to 
reach a higher work load in the multistage test by continuing until 
maximal heart rate was reached, The increase in maximum heart rate 
that occurred in both groups would also allow an increase in the 
duration of the test, 

The maximal aerobic power increased in both the AP and PI 
groups, Other authors have also shown aerobic power to increase in 
cardiac patients (39,40,32. In the AP group, as Detry and Bruce have 
pointed out, the maximal aerobic power is a maximal measured or 
symptom limited aerobic power with the end of the test determined by 
hemodynamic dysbalance and not by the plateauing of vo, as is the 
usual déterminant in normals and "post-infarction" patients, Thus 
increases in MvO, are caused to a large extent by increases in myo- 
cardial efficiency rather than total body fitness, The increase in 


myocardial efficiency will determine the work load which can be 
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endured, It is this external work load that is performed that 
determines the maximal energy expenditure, Duration of the multistage 
test is significantly related (r = .514, p@.05) to the MVO,,. The 
aerobic power at submaximal loads decreased for both the AP and PI 
groups, This may be due to increased muscular efficiency of these 
groups. | 

Pulse oxygen increased in both groups at both maximal and 
submaximal loads, This may be due to either an increase in stroke 


volume or a widening of the A-V 0, difference, Detry et al. ( 22 ) 


a 


showed an increase in A-V 0, difference but no increase in stroke 
volume, Submaximum stroke volume has been shown by Saltin ( 66 ) 
and Hartley et al. ( 37 ) to increase in normals, The increase in 
pulse oxygen may be due to stroke volume increases but is probably 
due to increases in A-V 0, difference, 

The maximum R,Q, did not change significantly in either the 
AP or PI groups, 

The ST-segment depression in the AP group at maximum stress 
decreased in the AP patients over the 18 month training period, 
The ST-segment depression at submaximal loads decreased considerably 
in the AP group after training. This was due in oe a decrease 
in heart rate at the submaximum loads, ST depression was not a 
consistent observation in the PI group and hence is not discussed 
for that group. 

The ST-segment-heart rate relationship improved in the AP 
group, This change could be explained by an increase in myocardial 


vascularization, The pre and post training coronary angiograms on 


x 
Y 


+ 
wus 
6) 
i 

i] 

) 

: 

a 

’ 

ea ven 


: ta 
j a. 
i BY ’ 1093 
dns ban < 
hike phi aS) 20 tk 
a wr \ 
4 iy 
Perr aris ‘ 
tie fae Mot 
1 
5 . ' ie! 5 
r f 4 
loxta NE sae9 
; i 
> aa ay 
: ? 
7. H 
+e | : 
7) 
. 
597 fy fT 
fy4 hao 
‘ a 
2 , OF 
: +O. in ¥ 
‘Y 
— 
= + 


ry 


haansies ae oF 7 


ignite lat 96 
vil fontalaxe out hh Hoo spine 


= a al ; ba) — 
tt ies Lane Bit: A es aly A HOARH 


* 
oleh Sand _ 


Sia | 
<oto tbr ne . Mics seared 2 


vo 


Wy ha: saSao mY y ih 


Hane 
aa, 
ian 4 


o (ix nl Hoaneton! 


of ab seb ign | mee D 


* 
aU Var Pekin oF 


i 
me 28h oon We 


x | 


’ 


raf ob Bes a | ay, glorda iieande a LL? 
7 nif ; 


Aa Seeot Os @ vt) ated gotta 
f 2 


IOV IE Oh, Gun Sit oye OL THR 


<4 yttal hes 6S ASUAER ODE im 
’ ly. Serra... ON voente ont 
« eens 4 
gon® ee 1472490 401g 950% ote 
ry <n esomking ha alt ant! baie 


i Ie 
A 


fret hays (vik Waa yaty oTie te Brie) ‘eS é 
‘ 
pak itttiiet 1439 quote Be 90 . 
at : ia 

a. 
Ft 3 , 4h) i 4 Dae “be a F 

) i ’ $5 bia 
quot: F nih Al Hed rT avanadn: Sra 

| > 


7 = ait att 


aT ar} add diag Sis “7 oft 


- i 7 Pe ) ¢ 

i Ubi? a Se 

; : tar 
yt 7 


CHAPTER VI 


SUMMARY AND CONCLUSIONS 


SUMMARY 

This study investigated the response of patients with angina 
pectoris and of those with old myocardial infarctions to an eighteen 
month program of endurance training, Twenty-seven angina patients 


(age 50 years) and nine ' 


'post-infarction" patients (age 50 years) 
were studied, These patients exercised using treadmills and bicycle 
ergometers, The angina patients trained at levels sufficient enough 
to evoke a myocardial hypoxic state, This level corresponded to 
60-70% of their MVO. and was performed five days weekly, The "post- 
infarction" patients trained at work loads, corresponding to 70-80% 
of their MVO5, three days weekly. The ECG's of all patients were 
monitored continuously using oscilloscopes and recorded on an ECG 
recorder, Nurses, trained in intensive care units, monitored and 
supervized all training. 

The maximal fitness measures of both groups improved, Increases 
in maximal heart rate, 11%, maximal measured aerobic power, 26%, 
oxygen pulse, 8%, and pressure-rate product, 9%, occurred in the 
angina group. Increases in maximal heart rate, 6.6%, measured aerobic 
power, 25%, oxygen-pulse, 17%, and pressure-rate product, 6%, occurred 


over the eighteen month period in the "post-infarction" group, The 
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three subjects showed marked increases in collateral circulation, 
The subjective evaluation of the change in ST-HR relationship for 
these three subjects also showed very marked improvement in this 
relationship, The other angina patients also showed improvement in 
their ST-HR relationship, However, most subjects showed very small 
changes and whether these small cheba are paralleled by increases 
in collaterals is questionnable, It may be due to a decrease in 
heart volume which Frick ( 32 ) found and related to decreased 
myocardial oxygen consumption, Whether the collaterals formed as 
a direct result of the training is questionnable since collaterals 
have been shown to sometimes form as a result of the disease 
ftsete-( os. )% 

Plasma cholesterol and triglyceride levels did not change 
significantly over the 18 months in either the AP or PI groups. 
This is similar to the findings of Little ( 48 ) and Fox and 


Haskell ( 63,29, 


50 


Since there was no AP or PI group in this study which underwent 


the same treatment as these subjects did but without training, one 
can not state indisputably that the changes observed in this study 
occurred only as a result of the training, However, the results 
obtained in this study are similar in direction of change if not in 
exact magnitude of change to the results of other studies done on 
normals and "post-infarction" patients (17, 19, 20, 21, 22, 29, 30, 
31, 32, 33, 37, 38, 39, 40, 48, 61). Thus one can be reasonably 


certain that the observed changes are due to the training program, 
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The "post-infarction" group was more fit (MVO,=2,31 L/min) than the 
angina group (MVO,=1,8 L/min), however the angina group showed slightly 
greater improvement over the training period. The duration of the 
multistage test increased 60% for the angina patients , to 511 

seconds in the final test, and 50% for the "post-infarction" patients, 
to 695 seconds in the final test, The submaximal measures of fitness 
also improved, Decreases in the submaximal measures in stage I of 
vo, »/% , heart rate, 10%, blood pressure-heart rate product, 10%, 

and ST-segment depression, 85%, were shown to occur after eeiates in 
the angina patients, The submaximal measures on the "post-infarction" 
patients also showed decreases in heart rate, 13%, pressure-rate 
product, 7%, and VO,, 20%. 

There was an improvement in the ST-segment-heart rate relation-~ 
ship in the angina pectoris group. Pre and post training coronary 
angiograms in three patients showed an increase in the coronary 
collateral circulation. These increases in collateralization were 
paralleled by large improvements in the ST-HR relationship. Based 
on this observation it was thought that angina patients showing large 
increases in the ST-HR relationship would also have improved collateral 
circulation, It cannot, however, be concluded that the increased 
collateral circulation is a direct result of the training, because the 
other risk factors or confounding variables were not rigidly controlled, 
The plasma cholesterol and triglyceride levels did not decrease over 


the 18 month training period, 
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CONCLUSTONS 


(1) 


(2) 


Patients with angina pectoris and "post-infarction" 
patients can exercise safely. 

The fitness of angina patients and of "post-infarction" 
patients increases as shown by increases in maximal aerobic 
power, maximal heart rate, maximal tolerable work loads, 
maximal pressure-rate product, maximal pulse oxygen, 
duration*of the multistage stress test and by decreases 

in the above measures at submaximal loads, The ST-segment 
depression-heart rate relationship is improved after an 
endurance training program and large changes in this 
improvement are paralleled by improvement in the coronary 


collateral circulation, 
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Ze “ed <3 014 41 49 46 pe a a9l 38 Pehl 65 
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57 eae se eT ee a 8 
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oS 27ee 0 ese 9.24 oa e208 

ts Se w0G - 29 P12? Ae ol he Po Om a Oy 

21 -.47  .44-.06 .51 -.07 -.09 .12 .07 .34 

am 07 eat {60° 4.52 =,24=.08 Se aim 43). | 462 
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Scores which are underlined are significant at the .05 level of 
confidence, 

The numbers chosen and the variables which they represent are as 
follows: 1 - age, 2 - maximum heart rate (test I), 3 - maximum blood 
pressure (test I), 4 - blood pressure-heart rate product (test I), 


5 - MVO, initial test, 6 - MVO,/kg initial test, 7 - pulse oxygen, 
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8 - R.Q., 9 - duration of initial multistage test, 10 - initial training 
bike load, 11 - mean training bike load, 12 - initial training heart 
rate, 3 - mean training heart rate, 14 - initial training pressure 

x rate product, 15 - mean training pressure x rate product, 16 - 

initial cholesterol level, 17 - mean cholesterol level, 18 - initial 
triglyceride levels, 19 - mean triglyceride levels, 20 - initial test 
maximum ST depression, 21 - change in ST-segment-heart rate relation- 


ship, 22 - change in maximum heart rate. 
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Computer programs Used for the 
Statistical Analysis 


The program DERS: ANOV 14 from University of Alberta, Department 
of Educational Research Services was used for the analysis of variance. 
with repeated measures and AFTRAN subroutine to account for misssng data. 


SSTGNON 
XXXXXX 
SCOPY SOURCE TO-TEMP 
data cards 
SRUN *FORTG 
SUBROUTINE DFTRAN (I, X) 
DIMENSION X (1) 


T=1 

IF (X(1),LT,O,) RETURN 

I= -1 

IF (X(1),EQ,0,0OR,X(2).EQ,0,) RETURN 
I= 0 

RETURN 

END 


SSOURCE DERS:ANOV 14 
title, parometer and format cards 


The program DERS: DESTO5 from the University of Alberta, Depart- 
ment of Educational Research Services was used for the correlation 
matrix, The DATRAN subroutine was used to account for missing data, 


SSIGNON 

XXXXXX 

SRUN  *FORTG 
SUBROUTINE DATRAN (X,Y) 
DIMENSION X(1), Y(1) 
DATA BLANK /' '/ 
DO. 1 I= 1, «- | 
IF (X(€I).EQ.0,) Y(I) = BLANK 

1 CONTINUE 

RETURN 
END 

SEND FILE 

SSOURCE DERS:DESTO5 


title, parameter, format and data cards 
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TABLE XII: Parameters for Subjective evaluation of Improvement of 
ST-HR Relationship 


Initial Test 12 month test 

Min, Approx, Max, Min; Approx, Max, . Subjective 
Ber slope of HsR, H.R, slope of H,R, measure of 
with S-T ST-HR line with S-T ST-HR line change in 
segment (mm/100 beat) segment (mm/100 beat) ST-HR rel- 
dep. dep, ationship 
i215 20 149 140 nae B73 4 

87 5 122 98 4,5 127 PE 

102 5 r25 111 i 134 4 

108 10 129 94 Sen 134 2 
*105 20 124 ABs, 5 148 6 

123 20 . 1 Ae £32 4, 161 6 

126 4, 164 105 pare 164 2 

25 6 150 134 2 158 a 

102 10 Er 90 3 Le? 3 

Lis 10 138 114 3 154 4 
*114 ran 124 130 10 143 6 

87 Tao 118 87 10 Les -1 
*105 ieee: 117 98 25 149 6 

102 2 as 129 EUS 10 130 2 

LE? 10 148 118 5 148 4 

my, s 141 117 8 Pe. 145 a 

120 2.4 161 141 a 53 162 

92 7 129 118 4. 150 5 

105 6.4 132 103 4.8 120 2 

123 os 167 127 44 176 1 

102 ep 125 114 8.0 132 3 

143 (ie 164 148 3.0 164 =1 

98 a 136 134 4.5 148 Z 


* Subjects had pre and post training angiograms, 
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SUBJECT: eceoeeeeseeoeeeeveeseee @ BIRTHDATE. e@eeeeeee Ge &@ @ . WEIGHT (range) @eeeeeeseveeseoe eo @ 


MULTISTAGE TEST 


Variable | Caanes es TimesineNeninss 3 (one 
{ARR TREO RP RRR I 

Maximum = Ee: 
Duration of Test (secs) .rcovee 120 360 360 x 
Heart rate (beats/min) ..cccses 1Al 134 V2 a 
Systolic pressure (mmHg) ...... - 160 - = 
Pressure x Rate product (/100) = 2, - a 
ST-segment depression (mV)..... nS ag - 
V0 nin) EE Pie ens Sep ate : 20) 3270.8 “1.020 es 
WOo /wt. (mi/ke/min) oo. ec... Deo wre SO. 1 ase == 
Pulse oxygen (cc0,/kg/beat).... e100, 21528 . 1003 me 
R. Q. @voeeveeeseeoseeeeseeverevs ox Alea Vals ee 

Submaximum - Stage I 
Heart rate - (beats/min) ...... 141 115 aig a 
Systolic Pressure (mm Hg) ..0.. - 170 142 - 
Pressure x Rate product (/100) - 196 162 s 
ST-segment depression (mV)..... 1.8 bE} - = 
V05 7 an) ABO CSBARRES > Aacht : 1 1G 1.162, 15020 = 
Mere tee 1 (N/ o/ inh) sees nee fe 15257 16.30 IZ<62 = 
Pulse oxygen (cc0,/kg/beat).... w10G 31 L197 41282 ea 
LR, epee Rien He emote d Rpt elnpabed i - 086 83 ~ 
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nee ae a ET SET RR ES SE 


ee ee rt ee ee ee pe ee ee 


aie 6 12 18 
BICYCLE ERGOMETER 
Des atmmie (ism, tir) arate iste. shave .g rele ates 300 150 150 450 
Heart rate (beats/min) ...cceee. 108 abe 110 115 
Systolic pressure (mmHg) .....6. 120 110 110 110 
Pressure x Rate (/100) ....ecece 130 134 a) 127 
TREAD MILL ; 4 
RE COMU MOL) Roy. cenie cs celerceiate erste tiers 2.6 3.6 3.9 20 
lew te Oras). cars so cceate Ceci mee ote a) ) a) 2 
Heart rate (beats/min) ....cccee 108 110 108 107 
Systolic Pressure (mmHz)......6. 110 110 110 90 
Predaure.x Rate | (/100) "02.0... ng ie) 119 96 
Plesma Cholesterol (mgt) “deve dees 200 ZL), 226 - 
Plasma Triglycerides (mg%) .ccccccoees 142 76 105 = 


Subjective evaluation of change in ST-HR relationship: 2 
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Pressure x Rate (/100) ....... 


Plasma Cholesterol (mg%)...scesccvves 
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UIC! cere tw ts ose ests BIRTHDATE a aces PNEIGHE (tance) rte ute cee 
MULTISTAGE TEST 
Varieble _ i oe tEme in Nonihs 
MORMmaID ye 12 18" 

Maximum - 
Duration of Test (secs) ....... 360 - 1,20 = 
Heart rate (beats/min) ........ 124 - 48 = 
Systolic pressure (mmHg) ...... 1A5 - 120 2 
Pressure x Rate product (/100) 175 = 169 a8 
ST-segment depression (mV)..... 220 - 355 - 
WOas iil EA Pay ere tes oles <sle ss 1,509 - 15750 = 
VO> /wt. (ml/kg/min) ......006 19.34 - Liha; ~ 
Pulse oxygen (ccOo/kg/beat).... 1585 - 1641 = 
Re Q. @eeeecereeereeeeeeoeeee 86 ee! 027 = 

Submaximum - Stage I. 
Heart rate - (beats/min) ...... 104, ~ 118 a 
Systolic Pressure (mm Hg) ..... 140 - 112 S 
Pressure x Rate product (/100) 1A6 ~ 132 3 
ST-segment depression (mV)..... 6 - aye - 
One Atv nie Sets PAR ow t/ciels eee 949 - 1.010 “ 
VO5 ge/wbow(ml /Re/min) heeds... 12816 - 13.24 ae 
Pulse oxygen (cc0,/kg/beat).... .1169 - -1Lz2 ~ 
ees ea Sra ROE NINE 83 - ahs: = 
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i i rr 2 ee ee 


ROS Ge wiz” ee 

BICYCLE ERGOMETER 

Toad Alco Amiiie Sao stl cies nse cele 450 150 525 600 

Heart rate (beats/min).......0. 125 122 128 130 

Systolic Pressure (mmHg)....... 120 165° 2 26 110 

Pressure x rate ( /100)........ 150 128 AL 143 
TREAD MILL 

Sec R OP) Ge. ccise ceeusaseyucas Bers Boul 3.8 3.8 

Biever ianw(2 iistas dete ceses sins 9) 0 4 L 

Heart rate (beats/min) .e..ecee 118 122 125 122 

Systolic Pressure (mmHg)....... 105 105 110 107 

Pressure x Rate (/100) ........ 12/, 128 138 131 
Plasms Cholesterola(meh) su cessecncise 21,2 290 267 272 
Plasma Triglycerides (mg%) ....esseee 280 280 204 196 


Subjective evalustion of change in ST-HR relationship: 6 


Coronary angiograms pre and post were performed, 
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MULTISTAGE TEST 


eee ee ee 2 - e + ee 


Maximum = 


Duretion of Test (secs) cecceoe 
Heart rate (beats/min) ....eeee 
Systolic pressure (mmHg) ...... 
Pressure x Rate product (/100) 
ST-segment depression (mV) .... 
V02 (1/min) Fe ede en ae 
VO5 Fratee (nl feet) denne 
Pulse oxygen (cc0/kg/beat).... 


0. etree i ee 


Submaximun - Stage I 
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ST-segment depression (mV)..... 
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ees 1913 180-182 
SUBIC Lea og eh EE ose cee teec eee Dl Rl DATE. dae 2. WEIGHT (range ) mics oittlencken <6 
MULTISTAGE TEST 
Variable Time in Months a. 
50.) ie ag el 
Maximun - 
Duration of Test’ (secs) ....s.. 300 735 750 
Heart rate (beats/min) ....... jie 118 127 = 
Systolic pressure (mmHg)...... - 180 160 a 
Pressure x Rate product (/100) - 212 204 = 
ST-segment depression (mV).... 2.3 = Zares ~ 
VO (L/min) letaet. AcWeha.e,3:5,0 « Loe lls aol salah 1.790 - 
M05 Ai/wia(ml/iee/min)....6000. 1252 i 2a 21.96 = 
Pulse oxygen (ccO2/kg/beat)... . 1569 1617 21729 - 
e Qs eeeeeseeeensesveereene = Poy A 99 ae 
Submaximum - Stage I 
Heart rate - (beats/min) .... 90 80 72 = 
Systolic Pressure (mm Hg)..... - 160 120 ~ 
Pressure x Rate product (/1C0) - 128 86 - 
Sf-segment depression (mV).... 1.0 - ‘hh “ 
Wom Gl miners aad ale Satins s,-,> TOO 00, i L.G40 -- 
WVOSEt(wiee (mn) /ke/min) 2... W350). 11897. ¥.322975 - 
Pulse oxygen (cc02/kg/beat)... 1388 19.1496 nigral - 
Re Q. @erteeeeseeoreceeree eo a «80 ae at 
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ewe ee Se Re ee ee 


Time in Months 


ZUR 16% ae ellen 

BICYCLE ERGOMETER 

Landen min) s.s.<se<ceee ee 375 625 900 900 

Heart rate (beats/min) ....... 93 105 115 12 

Systolic pressure (mmHg) ..... 121 150 140 160 

Pressure x Rate (/100) ....... 113 158 161 179 
TREAD MILL ; i 

Se CUM MDI Weiec «cle stetteietciee 2.6 3.6 had 44 

Pilewet ion 1G) 4s ccneecenadae cs 0 v4 6 6 

Heart rate (beats/min) ...... 93 105 115 107 

Systolic Pressure (mmHg) ....- 121 130 140 130 

Pressure x Rate (/100) ....... 113 137 161 139 
Plasma Cholesterol (mg%) .sccccccee 296 394 293 20 y 
Plesma Triglycerides (mgZ) ....seee 95 186 127 112 


Subjective evalustion of change in ST-HR relationship: 
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DURIBT ss bas « erates, ea 095 &,  aeteke BIRTH DATE 


MULTISTAGE TEST 


Bariable 


Maximum = 


Duration of est (secs) .....c...0. 
Heart rate (beats/min) ....ccee 
Systolic pressure (mmHg) ..... 
Pressure x Rate product (/100) 
ST~segment depression (mV).... 
VO5 fe) CREE te tere sacs 
VO5 /wt. (ml/kg/min)......... 
Pulse oxygen (cc0,/kg/beat)... 


e e @eeeeeseoeeeeeee eee @ 


Submaximum - Stage I 


ae 


ee ee ee 


Heart rate - (beats/min) ..... 
Systolic Pressure (mm Hg)..... 
Pressure x Rate product (/100) 


ST-segment depression (mV).... 
VO5 gs LE re etm ee, 
WOle/ ut. (ml/ke/min) 4... sss 


Pulse oxygen (cc0/kg/beat)... 


e e eeeeevevevneeeeeee6 028 86 O 
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BICYCLE ERGOMETER 


Wood (hpm/ min) ..< occ cecccese 
Heart rate (beats/min) ...... 
Systolic pressure (mmHg) .... 
Pressure x Rate ( /100) ..... 


TREAD MILL 


Gods (lh 50400,cicnaeimnanee 
Elevation (%) 
Heart rate (beats/min) sees. 
Svstolic Pressure (mmHg)..... 
Pressure x Rate (/100) ...ee. 


eeeveveoeeveevee2 e800 @ 


Plasma Cholesterol (mg%) .eecccceoe 
Plasma Triglycerides (mg%) ......0.6 


174-179 
». «+. WEIGHT (range) eveoereeeese 


____ ‘Time in Months 


Ege Se CAaer 
300 450 600 = 
150 143 158 - 
200 180 208 ze 
300 ene 320 - 
1.4 a Add ae 
Looe tes7 2.450 ee 
Pawel Coed 30.48 = 
L601, vtlGl6 1974 “= 
- macy A t07 - 
129 96 105 - 
“ 170 180 - 
= 162 189 - 
° 9 % 0 aa 
1.439 964 1.140 - 
17.69) (12.96 LA.L7 - 
oi Bi. | wle9D e100 =: 
= e 98 © 78 ra 

T ime in Months 

ae oa ST 
600 825 900 = 
115 116 nla = 
150 150 146 = 
E73 174 164 = 
brs: 3.6 Led = 
0 6 6 = 
dale: 122 EZ = 
160 160 160 = 
184 19) 179 - 
243 244 21 & 
262 258 104 = 
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Serge 1923 152-156 
SURIROD. . 6.00 Sees oe ales aese BINT H DALES 2. siesta ss Wen Taney esas chew cele 


MULTISTAGE TEST 


Varieble _Time in Months  _ 
0 6 12 18 


Maximum = 
Dirationsof festa(secs) ...... 330 495 & i 
Heart rate (beats/min) .....0. 113 ay - < 
Systolic pressure (mmHg) ..... - 76 ES = 
Pressure x Rate product (/100) - 215 ae - 
ST-segment depression (mV).... 250 Vey £ = 
Nina (limit) fat ida tule's 6 .7ecs's'e 1136-6762 = 2 
VOste/ whey (inl /iee/ mien). doce s : TeciGe 25 ee A: zs 
Pulse oxygen (cce0>/kg/beat)... «1393, .2020 i e 
Ke QO. eereceoeerre recov eseees ae 94 - - 

Submaximum - Stage I 
Heart rate - (beats/min) ..... 97 87 = 
Systolic Pressure (mm Hg) ... - 135 ms as 
Pressure x Rate product (/100) = at7 be 2 
ST-segment depression (mV).... 8 a3 a oe 
MOS, WEA) Iierelvhecjon soos vs 7640 4656 = - 
VO wey watacinl ko/min). Meesaes o's 13.00 9.38 J = 
Pulse oxygen (ccO/kg/beat)... 01342 ~=.0801 fe . 
R. Q. Pe AS aie ayo 8 ~ - bs = 


DAILY TRAINING 


Agee ann , Time in Months 
0 be 12 18 
BICYCLE ERGOMETER 


Toade (lepm/minlassdcsereccccsce 300 450 750 és 
Heart rate (beats/min)...seeee 107, 115 110 z 
Systolic pressure (mmHg)...... 140 140 140 2 
Pressure x Rate (/100) ....... 151 161 154 £ 
TREAD MILL 
BRCECAUMDIIEN. o 0, <:0:0. 010 e.0cne ees 2.8 a, 1.0 ve 
leva Wim: Go irdabaleuicicls «0's 0. s\0 ers 0 0 5 = 
Heart rate (beats/min) ....ee. 100 108 105 ra 
Systolic Pressure (mmHg)...... 120 140 140 BS 
Pressure x Rate (/100) .....0. 120 151 W,7 
Plasma Cholesterol (mpZ)..cccccscoce 316 268 - a 
Plasma Triglycerides (mp) ..eccocce 106 107 - - 


Subject evaluation of change in ST-HR relationship: 
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Do 80; 1926 184-187 
LPG LIM tate aie octets 6 wie ele ee Buby DA ic ete ites rs sist LUT UP eNGO)) ects ao eens siete « 


MULTISTAGE TEST 


rn nr ee ee a ee ee ow 


Tae ainettn WonthaT 
[8s gate Re Leg a 

Maximum = 
Duration of Test (secs).2..... 120 - 430 x 
Heart rate (beats/min) ....... 129 - 130 = 
Systolic pressure (mmHg) ..... 190 = 193 a 
Pressure x Rate product (/100) hey “3 257 = 
S"=segment depression (mV).... Pass - Pag “ 
Os AU allo Pees rscvesriesciges SSRI 1,981 - 1.890 - 
Vs er yh (Mey mine cette ee 23.36 - 22.62 - 
Pulse oxygen (cc0,/kg/beat ) oe - 1810 = 1740 - 
R. Q. eceoscecececeoreccereeeres 92 - ooo oe 

Submaximum -— Stage I 
Heart rate - (beats/min) ..... 102 - 113 = 
Systolic Pressure (mm Hg)..... 160 ~ 170 ~ 

- Pressure x Rate product (/100) 160 - 192 - 

ST-segment depression (mV).... “D ~ oh. - 
eel ie eens wee siecle: 1.182 - 126 - 
Wiae/ ain. (itl) ee/ Min) We. ade ens 13.94 - 15.6 - 
Pulse oxygen (cc0>/kg/beat) o6 . 1367 = AME Ve — 
Re Qs Rteretstetare cece sie viene re eeiste 73 - 83 = 
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es ee we ee er rr i rr rr 6 ne me 0 ne re re a Or ee et or me me ere, 


Time in Months 


5 eis, eon aio RIS. 
BICYCLE ERGOMETER 
Hood: (eom/min) .2% 3c kh ss ccc e's 150 1,50 600 600 
Heart rete (beats/min)... cece 128 120 125 118 
Systolic pressure (mmHg) ..... 135 IA 120 120 
Pressure x Rate (/100) ...ecce 173 149 150 142 
TREAD MILL 
Speed (mph) eoeoeeresrenereeseee 3.6 3.9 Live LA 
Meyvatton (hs ts or aes ete Aree 0 0 ya 4 
Heart rate (beats/min) .....-. 122 118 119 108 
Systolic Pressure (mmHg) ..... 150 135 120 130 
Pressure x Rate (/100) ....e0. 183 159 140 140 
Plasma Cholesterol (mg) .cccccccecs 268 354 216 & 
Plasma Triglycerides (mg%) .....s.ee Bao 257 225 = 


Subjective evaluation of change in ST-HR reletionship: 
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Variable 


153-109 


$3 


oeoereeceesn . WEIGHT (range) eececeseoseoeoeree 


MULTISTAGE TEST 


Maximum - 


DurationsofiTestalsecs)s}....0. 
Heart rate (beats/min) ....... 
Systolic pressure (mmHg) ..... 
Pressure x Rate product (/100) 
ST-segment depression (mV).... 
VOR LZITGY connec nomi eee: 
VOSta Aathe (rel /dcoymi in) <1 oie s:. 
Pulse oxygen (cc0o/kg/beat)... 


Submaximun - Stage iE 
Heart rate - (beats/min) Sele sts 


Systolic Pressure (mm Hg) .... 
Pressure x Rate product (/100) 
ST-segment depression (mV).... 
VOoetii/gin)t Sere Ps hs Ae 
NiOgen /aite emily kce/min), savesisiereine 
Pulse oxygen (cc0,/kg/beat) ne 


Re Ale eeeeeeveeveseeese eee 6 @ 
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Ree iin) sc iee sss cae eo 
Heart rate (beats/min) .....6.6 
Systolic pressure (mmHg) ..... 
Pressure x Rate ( /100) ..eec. 


MILL 


TREAD 


Gite abn DU e te Sielaiese el efers cleisinrare 
BE Devarts OCS ): acioiein visi alete'e sre) nies 
Heart rate (beats/min) ..e.ee5 
Systolic Pressure (mmHg) ..... 
Pressure x Rate (/100) ....... 


Plasma Cholesterol (mg%) .ccccscece 
Plasma Triglycerides (mg%) ....e.ee. 
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218 


Cieamamad 


420 
150 
210 
311 
kale 
1.570 
27.66 
°153L 
089 


115 
180 
201 
oe 

° 930 
14.27 
«1240 
089 


Time in Months 
Ji2s 


lek 


600 
120 
170 
204 


Be0 

5 
120 
180 
216 


228 
104 


Subjective evaluation of change in ST-HR relationship: 
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. WEIGHT (range) 


a cr ae a a eS RT AES RE EE SS De ee 
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Maximum = 


Duration of Test (secs) ..coee 
Heart rate (beats/min) ....ee. 
Systolic Pressure (mmHg) ..... 
Pressure x Rate product (/100) 
ST-segment depression (mV) ... 
WG5 (iyi rete nts eo creo cise 
VO ta/awhew(nd/ ke/ain ee eet. 0s 
Putse oxygen (cc0,/kg/beat)... 
Ry 


Q. Diner iei eo siete a ielete ereisie 


Submaximum-Stage I 


Heart rate - (beats/min)...... 
Systolic Pressure (mm Hg) .... 
Pressure x Pate product (/100) 
ST-segment depression (mV) ... 
VO5 Biotin) isttind tas ek.). os 
Mossi. (ml/cohmin) «x. escsens 
Pulse oxygen (cc0O,/kg/beat)... 
R. Q. cio, -&. vee 


me re 
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BICYCLE ERGOMETER © 


Toadin@om/min)susas See): cose 
Heart rate (beats/min) ..ecsee 
Svstolic pressure (mmHg)...... 
Pressure x Rate (/100) ....... 


MILL 


Speed Kray) Arent. Foe tete le sicicv teers 


Biepiatisian hUL) wee eats: celictele <jernsehs 
Heart rate (beats/min) .....0.6 
Systolic Pressure (mmHg) ..... 
Pressure x Rate (/100) ....... 


Plasma Cholesterol (mgS) ..sccccoes 
Plasma Triglycerides (mg%) ...oseee 


woe 


Time in Months 


212 
142 


ae 


500 
120 


Subjective evaluation of change in ST-HR relationship: 
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... WEIGHT (range) eeoreeeseereece 


MULTISTAGE TEST 


FE i me et ee A REE OR RE RE ER 


Variable 


Maximum = 


Duration of Test (secs) ...... 
Heart rate (beats/min) .....0. 
Systolic pressure (mmig) ..... 
Pressure x Rate product (/100) 
ST-segment depression (mV) ... 
MOP MAL? min) PiehhG t. cee chases 
Vose/arbemdtn)/kee/mnin shane)... 
Pulse oxygen (cc0>/kg/beat) .. 


e e @eeeseseeeeeseeeseee eee 68 8 @ 


Submaximum = Stage 


I 
Heart rate - (beats/min) ..... 
Systolic Pressure (mm Hg) .... 
Pressure x Rate product (/100) 
ST-segment depression (mV) ... 
CE Unlike) a Jk ane ee 
VO5 /aitieeken1/ ey mind? Oe68) os. 
Pulse oxygen (cc0>/kg/beat) .. 
R. Q. Perereners eines oie wiele craretereis 
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BICYCLE ERGOMETER 


Lead ipa/ mind intets! <..cse0els 
Heart rate (beats/min) see. 
Systolic pressure (mmHg) ..... 
Pressure x Rate (/100) ...6.. 


MILL 


TREAD 


SOC CORTON) ) acs ecle cp oees sc ose 
MlevatLon <(S)GReLM ee) oases oe 
Heart rate (beats /min) ...... 
Systolic Pressure (mmHg) ..... 
Pressure x Rate (/100) ....00- 


Plasma Cholesterol (mgS) .ssecessece 
Plasma Triglycerides (mg%) ...ecceee 


Time in Months 


ao" 
660 
180 
160 
288 
305 
2.233 
26.70 
1480 
95 


108 
120 
130 
ol 
sok 
8.62 
0798 
93 


Time in Months 


Eon 


925 
120 
100 
120 


3.6 


Subjective evaluation of change in ST-HR relationship: 
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Maximum = 
Duration -of ‘fost (secs)  <icses 360 1,65 450 as, 
Heert rate (beats/min) ......0. 122 129 130 - 
Systolic pressure (mmHg) ...... - 140 140 - 
Pressure x Rate product (/100) ~ 161 180 - 
ST-segment depression (mV) .... 200 - 2.0 - 
UO AEA per arys (RRR mee 1.3819" 2.056) 1.760 - 
V05o/ Wes Dl/ Ke/ min)? sesso cies s V6iise 26.06 e232 ~ 
Pulse oxygen (ccOo/kg/beat) ... A34%— .2020 ly - 
Re Q. eoesreeeeeoeeseeeeeeeeo ee = 94 1,04 = 

Submaximum - Stage I 
Heart rate — (beats/min) ...... 100 98 95 - 
Systolic Pressure (mm Hg) ...0- ~ 110 130 = 
Pressure x Rate product (/100) - 108 124 - 
ST-segment depression (mV) .... Ae! ~ cae = 
ACs iol TED RRR a pO iGE oe aes V084— 1,063 | al. 140 = 
Vilage ma\ml/ Ke/ Mit) oss. scee s 12.60g) 13.62. slingk = 
Pulse oxygen (cc0,/kg/beat) .. eae o0al et 2c0 »1548 ~ 
Rs Q. PSAs Bane nee wee = 84 aA = 
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ae a ee re cre ne ee 
ees 5 a re nn re es ne re ee “_—: 


2 tee Times] Ae OR thsy oe ee 


ee ee 


Oe ley mize wekeis 

BICYCLE ERGOMETER = 

Veadmdleam min) 2s cae cecee sles 450 600 750 750 

Heart rate (beats/min) seleiererets 110 116 apy! 124 

Systolic pressure (mmHg) ...... 120 135 140 140 

Pressure x Rate (/100) .....66. 132 157 174 174, 
TREAD MILL 

Bea )i lsc ccs «see ee ets : B02 cre) 4.0 Lae 

Mera tOvmlG)( 1. ce Sate one ccc 0 0 6 6 

Heart Rate (beats/min) ......e. 103 110 120 118 

Systolic Pressure (mmlg) ...... 100 130 145 140 

Pressure x Rate (/100) ...eoee 103 143 VWs 165 
Plasma Cholesterol (mg%) ...ceccescee 196 “ 233 = 
Plasma Triglycerides (mg%) ......eeee - ~ 106 ~ 


Subjective evaluation of change in ST-HR relationship: 
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Variable 


W. Ke 
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RUBIO te Cr eeovec se sees cee es DIN IN DAT es nerds o WEIGHT (rangeyi les vo desness ns 


MULTISTAGE TEST - 


a een 


ee ee 


Maximun - 


Duration of Test (secs) ...... 
Heart rate (beats/min) ....... 
Systolic pressure (mmHg)...... 
Pressure x Rate product (/100) 
ST-segment depression (mV).... 
VO5 (L/min) secelaitth cn vite oe oe 6S 
Vos t/t (Ual/ee/min)) 225% 45s 
Pulse oxygen (ccOo/kg/beat)... 


e Q. @coeeesreessesen see ee 


Submaximum - Stage I 


ee oo ee. 


Heart rate — (beats/min) ..... 
Systolic Pressure (mm Hg) .... 
Pressure x Rate product (/100) 
ST-segment depression (mV).... 
OS CGA Ta +, 4.4.85 Me toke Melo %etovo%e ots 
WOE t/t, Grid 'eed pial) RSA ea 
Pulse oxygen (cc0>/kg/beat) .. 


6 Q. e@eceeorssceoeesereseoeeeeed 
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BICYCLE ERGOMETER 


Load (xpm/iin) srorele atststsl ctelotetete 
Heart rate (beats/min) ......- 
Systolic pressure (mmHg) ..... 
Pressure x Rate (/100) ...... 


MILL 


SOCOM (MDH uted fate sicko stat st Mate hat hake 
Mlevation (2) see cece SPEIRS OR 
Heart rate (beats/min) ...ceee 
Systolic Pressure (mmHg) .... 
Pressure x Rate (/100) ..evoe~ 


Plaama Cholesterol (meh) ssccivdscee 
Plasma Triglycerides (mg) ....sec0 


_o_ 


300 
120 
140 
168 


250 

0 
120 
105 
126 


273 
75 


375 
123 
145 
178 


3.6 

0 
120 
136 
163 


308 
154 


Subjective evaluation of change in ST-HR relationship: 
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SOULE EU Re RO Ce PIRTH DATE 


Variable 


MULTISTAGE TEST 


Meximum = 


Wuretion of Test. (cece) «cse.%« 
Heart rate (beats/min). (22777; 
Systolic pressure (mnlig)... 
Pressure x Pate product (/100) 
ST-segment depression (ni)... 
VC Ceniny OSpT eer Len. ° mc he ve 
MOM ure. nlc mines. eek oe 
Pulse oxygen (ce03/ke/beat).. 

Re Wi itavsre S's iste Wee gtate ie rctnia erento a 


Submaximum - Stege I 


fleart rate - (beats/min). pisteie's 
Systolic Pressure (mm He)..... 
Pp ssure x Rate product (/100) 
Giecemat depression ee 


> (1/min). esis ha kanielt da setae 


we / wt. Grane A a 
Pulse oxygen (co0g/ke/dert)... 
R. &. Uisies vis yo © of) sete se/ere ines ° 


Hy 
1,482 
19.96 
»1596 


1000 
14.08 
. 1366 
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en er ee 


San ey 


saerAae Bereta): eee Rare Cctardeate 
Heart rate (Gente sine eeeeeend 
Systolic pressure (mmHg)...... 


Pressure OS Rate ( PENG ON sph taActeresied 


MILL 

Pee ce a (ROC sees Cotes cee or ee ce 
Elevation (4). Be ate Rh oie HA aha hae 

Heart rate Geeee/iin) syle dest 6 

Systolic Pressure (mmHz)...... 

Pressure x Rate (/100).....0.6. 


Plasma Choles sterol (ngi dy RH, 


ned 


SO a ee errr Se 


Time in NO 
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Subjective evalustion of change in ST-HR relationship: 


.. WEIGHT (renge).. 


Time in Months 
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MULTISTAGS TEST 


hE DAS SER TA NO NAO Dein kt Ne see ea Ee) 
coerce 
Maximum - 
Dauration.of Test (secs)....... 364 135 
Heart rate (beats/min). ...cece 129 124 
Systolic pressure (mmHg)...... - 135 
Pressure x Rate product (/100) a 173 
ST-segment depression (mV).... Zak - 
NO> *WEeiin Vers sc cs. + esos o- - an Le sCOs oie toe 
VOS fuse. (ml/ke/min) occ... 19.90 22.54 
Pulse oxygen (cc0>/kg/beat)... 1580 1630 
tae Ba che tiers ets e Cloieicte Ss walk = 90 
Submaximum - Stage I 
Heart rate — (beats/min)......- 101 90 
Systolic Pressure (mm Hg)..... - 125 
Pressure x Rate product (/100) a 113 
ST-segment depression (inl a) Waries AS) - 
VO Ae TUT), Cit wah aeteta ities cic Soke 808 
Woe pi. ol/kesmin) ssa. ees « DCI RCIA 
Pulse oxygen (cey/ke/beat)... 142961393 
Reo tas Ria e his eas atetste weenie ce rate - 280 
DAILY TRAINING 
pc ec 
BICYCLE ERGOMETER | 
Tee ee TTL 12) «i o/s vele! ais! esels, os. slesete 150 600 
Heart rate (beats/min)........ He ty, ay, 
Systolic pressure (mmilg)...... 30 35 
Pressure x Rate (/100) ....... 105 pi ee 
TREAD MULL 
Grd aa GDN ke os cc's ce s.eece eres 2 2.6 
lever is GO) tis. cas beweieets «sc olete 9) 5 
Heart rate (beats/min)....cee. 105 115 
Systolic Pressure (mnlig)...... 90 95 
Pressure x Rete (/100)........ 95 109 
Plasma Cholesterol (mg%) ...cesccces 168 piewh 
Plasma Triglycerides (mgZ).......006 ~ 60 


Subjective evaluation of change in ST-HR relationship: 
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SUBIC es cwcteas oR ee dw wa é BIRTHODAT Biot. he oe Se 


MULTISTAGE TEST 


90 
1A4-147 


WEIGHT Anse) Sadaeseeecse 


Ra LOt era tte Mia ay axe ieee ‘Time in Months 
ovens eC gas 13 
Maximum — 
Duration of \Test"(seds) ois cee. 360 550 585 - 
Heart rate (beats/min)...ecees 49 155 173 a 
systolic pressure Ciamtio) £2 Jes - a5 140 - 
Pressure x Rate product (/100) - 176 212 a 
ST-segment depression (mV).... 2.0 - Tad ~ 
Vey lymiit). PR OLE ekcr ee eee. SF  es500- ~ 17500 - 
VOne/ wir (il/he/ mine PIPES 63. ah 822072 22.96 - 
Pulse oxygen (ccOs/ke/beat)... - st4'70 el Way = 
R. Q. Sieloreret= siccs/sisie aiete piavelsiecs ~ Tee O ead - 
Submaximum - Stage I 
Heart rate — (beats/min)...... 113 106 105 - 
Systolic Pressure (mm Hg)..... = 115 140 - 
Pressure x Rate product (/100) - 122 WAG) - 
ST-segment depression (mV).... 0 a 0 - 
One anin IM este ras cere ee. a Lies 1330 - 
VOoe/ wien (ml ke/min)se VEPs tes. Sy 17820. 12565 ~ 
Pulse oxygen (cc0s/kg/heat)... - 1620 .1193 ~ 
ree als MOR ODIM eke MOOI - ~ 82 oft = 
DAILY TRAINING 
2 1. Bees ee oe ena © a Time in Months Seeule 
oe ae Doe _i8 
BICYCLE ERGOMETER 
Toad *(kom/ min) foes Vela eeecece. 150 525 750 750 
Heart rate (beats/min)......0. 113 122 130 127 
Systolic pressure (mmig)...... 120 105 120 125 
Pressure x Rate (/100) ....... 136 128 156 159 
TREAD MILL 
Sneeaa (phic... wacasereedereeds 3.5 B65 Dee, ee 
Bievation (hee. ee ors ce csicees 9) 5 6 6 
Heart rate (beats/min)...eoeee 110 slab f 122 123 
Systolic Pressure (mmlg)...... 127 110 120 125 
Pressure x Rate (/100)........ 14,0 129 146 159 
Plasma Cholesterol (mgt) ...eccesece 251 2G ~ - 
Plasma Triglycerides (mg%) .......0% 106 70 - - 


Subjective evaluation of change in ST-HR relationship: 


_ / 
= eye TA @ td's, 
Mey 


aN ir 
* ee e- 
12 ike 

a = * 


Revit 91 
D. t 1931 163-180 
SITET EA ah Se  EERDIRDUMDATE, crusioci A SOMBAGHER rete) tevesaroterece a 


‘ 


MULTISTAGE TEST 


NS A AN A EE ee A 


Merreplel’. pee Wcias -c Time in Months __ 
Rome 6 pwthe 18 

Maximum = 
Duration of Test (secs)...... 345 1.50 = ~ 
Heart rate (beats/min). ....e. 16, 164 = * 
Systolic pressure (mmHg)..... 140 180 = ce 
Pressure x Rate product (/100) 298 298 ~ - 
ST-segment depression (mV)... 180 IRO - - 
Orel dyin Wacasce tnd -& ae 1.705. 2.698 - - 
VO5 Jae (yak ae SAA POW 922.20 - - 
Pulse oxygen (oeta/ke/beat).. 21296 954353 7 a 
Re Q. PAO Ace A a ee - TEOY, “ed = 

Submaximum - Ste 
Heart ee ee 132 129 - - 
Systolic Pressure (mmHg) .... 180 180 - - 
Pressure x Rate a He (/100) 237). 23 ~ - 
ST-segment depression (mV)... “2 aL z a 
VO (L/min) en ee a. ee 1.925 = = = 
VO /wt. EMRE Se 1295 = - a 
Pulse oxygen (ceOo/kg/best).. 0950 - - - 


Ris Q. eroveeeerenese2e08@ e@eece = -_ -< a 


me ea a rn a NE Te RD PE AR A EEE SOREN OES RT, AE RE A GL A Se LR ENTE SEN ae ee 


‘Time “in Months 


eee ae etree nee Ca RE ENR A RE TT SE AE at ee 


20 mic oe Biss 
BICYCLE ERGOMETER 
Eondmikiomspmin)....sescesscecs 300 = 3°75 450 - 
Heart rate (beats/min)....... 105 126 120 - 
Systolic pressure (mmig)..... 135 140 12 ~ 
Pressure x Rate (/100)....... 140 176 171 - 
TREAD MILL 
“Speed (mph) . ee aierele aos ee | 2.2 Biel, 3.8 
Elevation (A), ee irene ree ne 0 1 ye - 
Heart rate (beats/min)....... 125 123 130 - 
Systolic Pressure ANTE sieere 5 Las 137 ee 
Pressure x Rate (/100).. : 156 196 178 = 
Pleama. Cholesterol (mes). ..ce.essees 258 - Pid pa = 
Plasma Triglycerides (mg%)....... we 300 2 181 a 


Subjective evaluation of change in ST-HR relationships 
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L. F. 1918 170-173 
SUGIECT. 5. «See he ents Ste »BIRTH DATE.........+ WEIGHT (range) 


-@e@eev e282 80288080808 


MULTISTAGE TEST 


ame a et ee Se ee ee eee 
~~. oe a a ee ee ee et ee Re EB ee 


Variable ae betel ieee Time in Months 
2Oe pac “gi2e miss 

Maximum = 
Ihtiration-of Test i(secs) 2... +s. 310 440 455 = 
Heart rate (beats/min) ....e.0. 150 LAA 164 - 
Systolic pressure (mmHg) ...... 200 200 200 ei 
Pressure x Rate product (/100) 300 288 328 oe 
ST-segment depression (mV)..... - - - - 
Teo Wael moi nme Lk eaten ete. ts ss ieee | eae Ey | ialaciat! 2 
WO>. A7anten (ml /iee/ min) cso .s. 17,09 22.54 16,87 ‘a 
Pulse oxygen (ccO>/kg/beat).... i) ye 518 ~ L028 rs 
Rea iQ. Gib bisieleresoWeieyelitouls se 6s © ~ 0.93 1.13 ie 

Submaximum - Stage I 
Heart rate - (beats/min) ...... 125 AWA 133 = 
Systolic Pressure (mm Hg) ...e. - 190 180 my 
Pressure x Rate product (/100). - Ay, 239 as 
ST-segment depression (mV)...6. - = 3 = 
V Oop el fathead teraieserote afeisle le, e,0,0's ~ 740 930 a 
MO. @7 wits (ml /keo/ min) s.6 s/s" - 9.59 11.95 7 
Pulse oxygen (cc03/kg/beat).... - 0841 .0898 = 
ad ae die’ si dfia'd sxe! rots ceteishels 0.0.0.6 - O67 0.97 rs 


DAILY TRAINING © 


ee cee ene a ce et a DE ES RE EN AN RE SS AES SE SE 


Time in Months 


pe A a ED SNE EEE PERE RT SE 


BOs ne DEES Hise 

BICYCLE ERGOMETER 

Pond ehi Hin) ss cane ce cess eee 300 1,50 600 750 

Heart rate (beats/min) ....eeee 107 120 1 130 

Systolic pressure (mmlg)....... 160 145 135 145 

Pressure x Rate (/100) ......0. pty Al 174 167 189 
TREAD MILL 

Soccer moh) ees aie os leet ooste e sete 302 3.6 2.0 ee 

Eleva (On (as ieee oes Gieiets © ele Git ee 0 2 2 hi 

Heart rate (beats/min) .....s0. TV. 120 127, 130 

Systolic Pressure (mmHg)....... 160 160 140 145 

Pressure x Rate (/100) ....ee. 173 192 as, 189 
Plasma Cholesterol (mg%) .wecceccesece 325 233 pal a 
Plasma Triglycerides (mg%) .....+.ee - 164 L72 ~ 


Subjective evaluation of change in ST-HR relationship: 


Data insufficient 
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E. W. 1928 148-150 
BUBUEU US recy eet ce eee: BIRTH DALE Scatter LOH ik Te Wo) amen yeti Gs mls e emit Sava gaes 


MULTISTAGE TEST 


a er nr ee ee 


Variable oa ene ; Time in Months 
moe 00 el Galea 

Maximum = 
Dore tion or lect (secs) esse ss 430 6 600 - 
Heart rate (beats/min). ....eee 143 ~ 148 - 
Systolic pressure (mm Hg)..... 160 ~ 140 - 
Pressure x Rate product (/100) 256 - 203 = 
ST-segment depression (mV).... 2.2 - 138 - 
AS MG UATINES riche bedi seh des ke 1.910 - 1.910 - 
VO5. /wts* (ml/ke/mia) oi 5 kkk 28.05 - 28.43 = 
Pulse oxygen (cc0>/kg/beat)... 1934 - 1991 - 
R. ays Ceoeereereeesnereeoeeeere2e00 Se ie et ~96 — 

Submaximum ~ Stage IT 
Heart rate - (beats/min)...... 117 - 83 - 
Systolic Pressure (mm Hg)..... 195 - 120 - 
Pressure x Rate product (/100) 170 - 99 “ 
ST-segment depression (mV).... On, - O.1 - 
Mle UL ney oat soe beoreyotyotniar 1.190 - 1,210 - 
Vow yure (miyke/ min) Acct eces 17.63 - 17.96 = 
Pulse oxygen (cc0>/kg/beat)... 1506 an eae: 2 
Re Qs Selecta as access woe etererete 38 - eT - 


DAILY TRAINING 


Se ETES AT eT Time in Months 
0 568 12 “18 
BICYCLE ERGOMETER 


Eos (om nin) scien: 375 450 600 = 
leart rate (beats/min)......606 100 lalee 125 - 
Systolic pressure (mm Hg)..... 110 110 120 _ 
Pressure x Rate (/100) ....... 110 126 150 ~ 
TREAD MILL 
Bueed® (amie 6.9". 's's cleo ie as oes Ses ag 4.8 - 
Btevation (%)) <5 bose eo ye ss 0 6 0 6 6 - 
Heart rate (beats/min) .....0. 8s 107 108 - 
Systolic Pressure (mm Hg)..... 100 115 120 = 
Pressure x Rate (/100) ....... ists) 123 130 - 
Plasma Cholesterol (mgS) .essccsescee 203 232 = = 
Plasma Triglycerides (mg%) ......+0- 153 82 = = 


Subjective evaluation of change in ST-HR reiationship: 


4 


c ¥ fr mea ss 
Pe ae 


- 


<a py oh 
‘ we bs 9. 
ty a —p 7 
E sep etl hp ? no * 
“me eae ant 
ov (Pee Man \¢ 
eveeerr reer tri) t 
=) 
¥ Cede nba e ete ean ee = 
4 “7 Or , aa et ie} ti y La 
f a 
op Poet oot D0) hy aes 
e 61s e6@ 4 pwelkbe Shbus es 
( i ASe 7 i 
i" 
~ ae 
a“ 7 = ay i mal : 
4 a Cp t..9) 
o@ 6 = 
=A ee Gi oy é 
ah, 
abchitebiyihins ny ete 
Hee eve nd ete cee 
Le ee | Cite: 
ks oa CE gue 
E i" 
, CORseey * 
- 
’ 7 wads odnwads revit abd ‘a 
Les @ 
44¢@¢6 a 4¥ as 
fi =") © « — bed ae r 
) t ae | 4 a 
f i Slut is ne nqueds 


apiee 1912 VAh-149 
SUBJECT: gel Ny sa EE ae o ES i | DATE. Weve. os MELGHT (ance)... derma sssce cee 


MULTISTAGE TEST 


Weird Bh Golesi ep peeeiee Tine iw Won tha. ae ear 
Oss om 12. ole 
Maximum = 
Burationsoterectie secs). .siee oe 300 360 - - 
Heart rate (beats/min)...cscece 132 Wal - - 
Systolic pressure (mm Hg)...... - 125 - = 
Pressure x Rate product (/100), - 275 - - 
ST-segment depression (mV)..... - - - = 
Mi Doge Go i cob eyo at Amos e750) e250 = = 
NOs Pywt. Aml/ice/ain tenon ee 18-20. 17 H71 - - 
Putse oxygen (cc0,/kg/beat) er sdb le ey: = = 
ie eQe bop es ate Sea e bb ev seo 6 oe = - - > 


Submaximum = Stage I 


Heart rate - (beats/min)....0.0. 110 122 - - 
Systolic Pressure (mm Hg)....e. - 125 = “ 
Pressure x Rate product (/100) ~ 153 - ~ 
ST-segment depression (mV)..... - - ~ 
VO,  gehrnke) el Spree? bee dere Pee 1,100 0.970 - - 
vos /wt. (ml /ie/min)sh2setess. 16.60 14587 - “ 
Pulse oxygen (ccOo/kg/beat)..e. edz 50! ,1221 - - 
He Q. eeeroereooveree een PF eeoeeveeo8 © aoe 0.38 i. i 


DAILY TRAINING 


; ere 2 bes 

BICYCLE ERGOMETER 

TRA y any TL Tl "a ictstenete te stetslctete’s 375 450 B2> B25 

Heart rate (beats/min)......e.. 122 125 122 132 

Systolic pressure (mm Hg)...... 122 105 n12 110 

Pressure x Rate (/100) ....eece 149 131 137 143 
TREAD MILL 

SOCHIECIIIUNS cae ce aie rece ce ctecete s 3.0 3.6 3.8 3.6 

Eteval von glo ace acs cence tees 0 0 6 6 

Heart rate (beats/min) ...seeee 105 122 127 126 

Systolic Pressure (mm Hg)..++.. 90 105 100 92 

Pressure x Rate (/100)......ee5 95 Veal ie? 116 
Plasma Cholesterol (Mes) lcsclteosss £75 ~ 175 - 
Plasma Triglycerides (mg%) ...ceseces - - 64, - 


Subjective evaluation of change in ST-HR relationship: 


Data insufficient. 
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MULTISTAGE TEST 


Variable 


Maximum = 
Duration of Test (secs) ....... 
Heart rate (beats/min) ........ 
Systolic pressure (mm Hg) ..... 
Pressure x Rate product (/100) 
ST-segment depression (mV) .... 
VO5 min) AO ODOC OCHO OOOO OCEOIC 
Vey wee ml /Mey mi) scies sos 
Putse oxygen (cc0,/kg/beat).... 
RaQ. OR ty hee 

Submaximum - Stage I 
Heart rate - (beats/min) ...... 
Systolic Pressure (mm Hz)...+.. 
Pressure x Rate product (/100). 
ST-segment depression (mV) 


eeeeo 


VO5 min ) @oeererxeeeesees ee ee 
Gnesi 7K /IRIN) sche retetelone 
Pulse oxygen (cc0,/kg/beat).... 
Re hs o@ Fe eeeoeeree ee eee eee 


7S 


153-162 
VGH I eanioo are oat tomtee tars e'sie' ¢ 


Time in Months 


DAILY TRAINING 


BICYCLE ERGOMETER 
Reade (icem/ ain eats aco siete. os ols e's 
Heart rate (beats/min) ....ee06 
Systolic pressure (mm Hg)...... 
Pressure x Rate (/100) .....006 


TREAD MILL 
Seem oN eee oi <ie.s.2,e cieivisies' 6.00. 
BLeGvs tons) case sales sae se © 
Heart rate (beats/min) .....ee. 
Systolic Pressure (mm Hg) ..... 
Pressure x Rate (/100) ...coece 


Plasma Cholesterol (mg4) wsccccscesce 
Plasma Triglycerides (mg%) coeoreeseoe 


nOs aio 18 
450 - 450 a 
diye - 164 = 
180 - 230 a 
229 - 377 a 
1.257 o 1.700 o 
Se 12 as 23.17 iS 
01427 - .1412 4 
= - W% a 
105 - 101 & 
140 = 140 = 
153 : 41 if 
872 Se 930 - 
ey) eee : 
97 = ey) _ 
299 - lips _ 

____Time in Months 

FOX ish 12 18 
3°75 450 600 se 
127 107 130 - 
140 150 160 a 
178 176 203 iz 
3.0 3.6 LO - 
0 0 2 ns 
105 als 117 = 
130 140 V5 53 
136 161 169 2 
294 254 Pde ih a 
106 113 83 Es, 


Subjective evaluation of change in ST-HR relationship: 


Data insufficient. 
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1925 
BpenCh. see et ete e*)* erate DATE peace eevee ce WULUGl (rence) 150 154 


MULTISTAGE TREADMILL TEST 


eee. 


Variable _ eeerrntere rain) are ere neat Diner tne on yas 
EOm SGT dal aee kon 
Maximum = . 

Duration of Test (secs) ..esee 

Heart rate (beats/min) ....e05 

Systolic pressure (mmHg)....... 

Pressure x Rate product (/100) 

ST-segment depression (mV).... (SR e (CCN GNA Fay 

VO5 (L/min) ee 

VO>"e/wk. “(ml/Ke/min) .c.cees BR GO ME TER 

Pulse oxygen (ccO>/kg/beat)... 

is eeak) 6 Erotere ereveletetsicte's e'e.e ete UrSsE dD 


Submeximun = Stage I 
Heart rate — (beats/min) ..esee 
Systolic Pressure (mm Hg)..... 


Pressure x Rate product (/100) 
ST-segment depression (mV).... 
VO5 (i /min) oe becise see sinjasad oe 
Vie5m/wt. (ml/ke/min).....66s 
Pulse oxygen (cc0>/kg/beat)... 


DAILY TRAINING 


Time in Months 


ere ewe re etree re rr eS Ce EY OEE OREN SC ES ET CR 


bs w2e Se 

BICYCLE ERGOMUTER 

Toadekicpm/ min). sbiteres's sees 300 525 600 - 

Heart rate (beats/min) ....e0.6 103 120 113 - 

Systolic pressure (mnllg)...... 110 128 125 = 

Pressure x Rate (/100) ....0.0. 113 154 148 - 
TREAD MILL 

Speed (mph) SUCKOLOLOXe eLeLeselene ls 616161616 3.0 3.9 3.8 = 

HL OVoGd ON mh Wate ofelelaate «+ <0 05's 0 ) 5 = 

Heart rate (beats/min) ...eee. 103 115 118 = 

Systolic Pressure (mmHg) ..... 115 128 145 Be 

Pressure x Rate (/100) ....eee 118 Le ial .: 
Plasma Cholesterol ne ee eee - 219 ~ a 
Plasma Triglycerides (me%) ....eeeee = 232 - ba 


Subjective evaluation of change in ST-HR relationship: 


Coronary angiogram pre and post were performed, 
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1920 172-180 
UEC Era Wents Hesteecd assis ls BIRTH DATE... anaee P WEIGHT (nance 20 dens ates 5160 


ee ae re ne 6 re ee ce, a 


Variable Me ae As 2 na ee ee Pd ee ne Onn om aes Pes le 
a aegis cae ae tate Venera 
Maximum — 
Duration of Test -(cecs)’...c.e« 
Heart rate (beats/min).....ee 
Systolic pressure (mmllg)...... 
Pressure x Rate product (/100) 
ST-segment depression (mV).... 
VO9 CLAminiewennsd eae fort bs esd D ALT A 
ViOs (7 wien (pl /ko/min) 3. ,.5.6ss¢ 
oe pay ee Ae een UN Ava CAE LA Bi LE 
Submaximum -— Stage I 
Heart rate - (beats/min)...... 115 98 a ae 
Systolic Pressure (mm Hg)..... 170 170 2a i 
Pressure x Rate product (/100) 196 167 = = 
ST-segment depression (mV).... o “ - Le 
WOsaillyimin).te'-wouwsess D007 ° 129) 9615210 ~ = 
VOoe/sitat (ml/ke/ min) bs» +s 13.39 15.50 A 
Pulse oxygen (ccOo/kg/beat)... ele Of 5 ok 2 a 


- Q. whe siveivpwe ss oe 00 v6 eee - s 


DAILY TRAINING 


aoe 


__fime_ in Months 


FOR ek 2. nae 
BICYCLE ERGOMETER 
Load (Pom ina) eer nee eects 525 750 750 750 
Heart rate (beats/min).....e0. 110 110 97 107 
Systolic pressure (mmliig)...... 110 120 130 135 
Pressure x Rate (/100) ...0.. need 132 126 146 
TREAD MILL 
Specie On) Geeta colcecine +s ects Bae Boo 4.0 Her 
Mie vatsOntG)l Wcses Vea ateciee 0 8 6 yd 
Heart rate (beats/min) ....+. 89 100 90 90 
Systolic Pressure (mnllg)...... 105 115 120 116 
Pressure x Rate (/100) ..... 93 115 103 104 
lasma Cholesterol (mg%) ..orccvece 230 266 235 < 
Plasma Triglycerides (mgZ) .esceseee - 132 oy ~ 


Subjective evaluation of change in ST-HR relationship: 
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MULTISTAGE TEST 


Variable ENCES 
Maximum - 
Duration of Test- (secs) 2:333%. 
Heart rate (beats/min) .....00- 
Systolic pressure (mmHg)....... 
Pressure x Rate product (/100) 
ST-segment depression (mV)..... 
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MULTISTAGE TEST 
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Maximum = 
Duration of Test (secs)...ece 
Heart rate (beats/min)....... 
Systolic pressure (mmlg)..... 
Pressure x Rate product (/100) 
ST-segment depression (mV)... 
VOoPAd/ min) o: Babe featiet (At DATA 
V05 Vast (m7 kod minds Gow bot} 
Pulse oxygen (ccO/kg/beat).. 
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Submaximum - Stage I 

Heart rate — (beats/min)..s.. 

Systolic Pressure (mmllg)..... 

Pressure x Rate product (/100) UNAVATULAS LE 
ST-segment depression (mV)... ar: 

VO, (imin) «Rate auadeet of 

VO> /wt. (ml/kg/min).......00 

Pulse oxygen (cc0>/kg/beat).. 
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Pressure x Rate (/100) ...... Tee Wa 156 
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Systolic Pressure (mmUg)..... 130 115 120 
Pressure x Rate (/100)......- 156 138 140 
Plasma Cholesterol (mg%)..ceccseces 252 242 210 
Plasma Triglycerides (mg%)...sseee. 196 140 82 
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Maximun = 

Duration of Test(secs)....sec 
Heart rate (beats/min).....0. 
Systolic Pressure (mnlig)..... 
Pressure x Rate product (/100) 
ST-segment depression (mV)... 
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Subjective evaluation of change in ST-HR relationship: 
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SUBIEGT: 2.088 Se che cance Dll BIRTH DATE ..1908.... WEIGHT (range), 160-161, , , 
MULTISTAGE TEST 
Variable Shee __Time_in Months 
Oe ol le was 2 
Maximum = 
Duration of Test (secs)....ec- 455 - 480 ~ 
Heart rate (beats/min)........ 164 s 182 - 
Systolic pressure (mmHg)...... 220 - 130 - 
Pressure x Rate product (/100) 360 - 328 ~ 
Gio L/min) <3 62, os rees deasacies L412 - 1.5/0 = 
Veo fut. (nl/ke/min).., cesses 19.34 - 20.23 - 
Pulse oxygen (cc09/kg/beat)... 21179 - 227 = 
° Q. @eooeoeseoeoseseserseon 89 gut 1.04 — 
Submaximum - Stage I 
Heart rate = (beats/min). 2... 114 “ 135 - 
Systolic Pressure (mn Hg)..... 220 ~ 170 ~ 
Pressure x Rate product (/100) 250 ~- 230 “ 
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Heart rate — (beats/min) ss. 143 ~ 161 - 
Systolic Pressure (mm Hg) .... 220 - 180 ~ 
Pressure x Rate product (/100) 315 = 290 v 
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MO / wine (nl lo/ nin) \.. ses ys ve 17.39 - 1S - 
Pulse oxygen (ccO2/kg/beat)... 01251 - Mays - 
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drt ten Ob. eee 18 
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Heart rate (beats/min)....sees 110 122 137 45 
Systolic pressure (mm Hg) .... 157 150 140 160 
Pressure x Rate ( /100) ...... 173 133 192 232 
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Heart rate (beats/min) .....60. 112 122 133 137 
Systolic Pressure (mm Hg) .... 160 170 170 165 
Pressure x Rate (/100) ....... V4. 207 226 226 
Plasma Cholesterol (me%) .ceccceees 274 210 283 213 
Plasma Triglycerides (mo) atetetetatatetere - 110 77 13 
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MULTISTAGE TEST 


Variable 


Maximum = 
Duration of Test (secs)....... 
Heart rate (beats/min) .....6. 
Systolic pressure (mmHg) ..... 
Pressure x Rate product (/100) 
VO5 (L/min) core ccescoeseoeccecs 
MObe / wire (TUL / ier) sth tottat 
Pulse oxygen (cc02/kg/beat) .. 
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Submaximum - Stage I 
Heart rate — (beats/min) ..... 
Systolic Pressure (mm Hg) .... 


Pressure x Rate product ( /100) 
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hea a ee product (/100) 
VO2 RELY) Alctsiele eisis 2's sla eres ere 
Ose ute aimlyics/ asta) vaate cates 
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MULTISTAGE TEST 


Variable es 

Maximum = 
Duration of Test (secs)...... 
Heart rate (beats/min)... ..ceee 
Systolic pressure (mm Hg)..... 
Pressure x Rate product (/100) 
VO, Wy rt), See ae meee ee 
Von t/wt, “Cmi/io/ min) st. se 
Pulse oxygen (cc0,/kg/beat)... 


Submaximum - Stage I 
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Pressure x Rate product ( /100) 
V0, (iy Try) CSAP anew nee wae eS S 
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Pressure x Rate product (/100) 
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SUBJECT: ..9:.D:........ BIRTH DATE: .1923,....WEIGHT(range) .t/271%4 
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ee ee mn ee ne en ee ee ee rm eee te a re meer ee 


MGT hits eg ho eh ee a et lier oe Ora ORI © 
40. 6 12 18 
Maximum = 
Duration of Test (secs)..cecee 360 1,20 615 585 
Heart rate (beats/min). ..cccee 150 130 173 167 
Systolic pressure (mm Hg)..... 152 179 180 180 
Pressure x Rate product (/100) 228 232 329 301 
I MU AIAN love creatietsiefresessiessisiogs 151 eGo, Zia 2.08 
WO, kh, “ml lee/mit)..,0.0,0,0,40,0.¢ UOM2 | 0 %57, eee 26.08 
Pulse oxygen (cc0,/kg/beat)... w128" 8592 0.157 0.156 
R. &. scetegskoiebeatiousdece.sietsaeseieiciecs “ = 2.05 0.99 


Submaximum - Stage I 
Heart rate — (beats/min) .s.soee 
Systolic Pressure (mm Hg)..... 
Pressure x Rate product (/100) se 
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NO, Honk. (omlfeoyanish) <6 cs eco c 
Pulse oxygen (cc0,/kg/beat)... U NeAay A TsLeA,B LE 
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Submaximum - Stage IT 
Heart rate - (beats/min)...... 150 130 143 AL 


Systolic Pressure (mm Hg)..... 152 179 180 148 
Pressure x rate product (/100) 228 232 257 213 
Os CCEA) con suucdudecs au Taste 38622" 1sn59 1.790 
NOs /iwtes, Gali/ee/min)) se bccn HOS 82085/ 32 403 22.40 
Pulse oxygen (cc0,/kg/beat)... 51275 4592 Seal 21555 
Slog Big Redgtpae ye epee ca Mitnick sare = - 83 83 
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Heart rate (beats/min) ..+.ee0. 122 130 135 132 

Systolic Pressure (1mm Hg) .... 125 130 130 130 

Pressure x Rate (/100) ....ee 152 169 176 mh 
Plasma Cholesterol (mg) .eccccceces 120 ~ 222 - 


Plasma Triglycerides (mg) eoeeoeeeeee 124 Se 91 — 
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SUBJECT: @eeeeteoeeeees8se BIRTH DATES eeeeneenrsee @ NLT (ara to ecurn elie ¢ cing sive cnels's 


MULTISTAGE TEST 


Varisble 


Maximum = 
Duration-of Test (secs) .....0+ 
Heart rate (beats/min) ....... 
Systolic pressure (mm Hg)..... 
Pressure x Rate product (/100) 
VO CE MIn eee eo eee cae 
vor Vege (ily eo7 MI eee oe es 
Pulse oxygen (cc0/kg/beat)... 
He ; 


Ora ath aris spe dari nr 


Submaximum - Stage I 
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MULTISTAGE TEST 


Variable 


Maximum = 
Duration of Test (secs) ...see 
Heart rate (beats/min) ..ecees 
Systolic pressure (mm Hg)..... 
Pressure x Rate product (/100) 
Or Cis min lavas teens eaters 
vos /wt. (mi/kg/min) veces 
Pulse oxygen (cc0_/kg/beat)... 
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Submaximum - Stage I 
Heart rate -— (beats/min) ..... 
Systolic Pressure (mm Hg) .... 
Pressure x Rate product (/100) 
Me. HATING ooackcion pote ctod va es 
VO5, -/wt. (nii/ie/ min). scesenes 
Pulse oxygen (cc0>/kg/beat)... 
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Submaximum - Stage II 
Heart rate - (beats/min)...... 
Systolic Pressure (mm Hg)..... 
Pressure x Rate product (/100) 
VO FALE) P kosaiase wine etetetatoterehetote 
ViOoy /fukien (nile) mii) snhnroniet 
Pulse oxygen (cc0,/kg/beat)... 
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Pressure x Rate (/100) cece 
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MULTISTAGE TEST 


_Time in Months 


Variable i ance a neta 
pil it ir Sin eles 
Maximum - 
Durstion of Test (secs) ...scce 450 4,50 720 780 
Heart rate (beats/min) ....... 164 145 164 160 
Systolic pressure (mm Hg)..... - 170 155 158 
Pressure x Rate product (/100) - 247 254 253 
MOM My Ut) ate te om ccine woe eet CEO Te: shel og 2.94 3.06 
Vor /wt. (mi/kg/min)...scees Pasnn e tei hogs 37.0 37.5 
Pulse oxygen (cc0,/kg/beat)... Oa s epniio, 0.226 0.234 
1a Ge Ceo eoeeeaeeeerereseeo2?e e200 = _ a bey 29) 1.09 


Submaximum - Stage I 

Heart rate — (beats/min) ..... 

Systolic Pressure (mm Hg)..... 

Pressure x Rate product (/100) DtAqtoa 

VO, Glnlin) Mock eee wee te set 

VO5 /wt. (mi/ke/miny .....eee 

Pulse oxygen (cc0,/kg/beat)... UN ALY A LAB LE 
Re: Qe Bioieie|® b aisles phere oe 016 6616 


Submaximum - Stage IT 


Heart rate (beats/min) ....... 150 125 108 101 
Systolic Pressure (mm Hg) ..-. - JD 130 - 

Pressure x Rate product (/100) = 169 140 - 

VOp HL TID) ca cceceoecccsctsse igre Vibes) 1.66 1.67 
VO> /wt. (ml/kg/min) .....06- On ee es aD 20.43 
Pulse oxygen (ccO2/kg/beat) .. 0.1478 0.1758 0.1940 0.2022 
ns ak eocvoeereetreeeeeoseeveoe2 -= - 0.86 0.79 
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BICYCLE ERGOMETER : 

Pa Om) ID) odseccecsse se 450 675 900 900 

Heart rate (beats/min) ....e.6. 123 120 118 120 

Systolic pressure (mm Hg)..... 110 110 120 110 

Pressure x Rate (/100) .....-. La 132 Te 132 
TREAD MILL 

ee AN iD aes cis sles et erie eieieisie 3.4 3.8 Lee 720 

ler at tart 1G its steel cleats = oteste oo 0 5 6 6 

Heart rate (beats/min) .ecee. 122 a lt a 125 118 

Systolic Pressure (mm Hg)....- 119 100 125 120 

Pressure x Rate (/100) ...... 145 115 156 142 
Plasma Cholesterol (mgeZ) ..ccccsccce 219 ~ 226 - 


Plasma Triglycerides ty Miedranees ie) - ‘100 - 
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MULTISTAGE TEST 


Variable _ cottariertenierer fare roviher secre 
Maximum = 
Purdtion of Test’ (secs), ..ss.< 
Heart rate (beats/min).....eee 
Systolic pressure (mm Hg)..... 
Pressure x Rate product (/100) 
VOre Chin): GNse, OFSCuSs. Mote 
voS /wt. (ml/kg/min) ....0.. 
Pulse oxygen (cc0>/kg/beat) .. 
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Submaximum - Stage I 
Heart rate ~ (beats/min). ..... 
Systolic Pressure (mm Hg)..... 
Pressure x Rate product (/100) 
NOp MECH M1) Maer. peace ee o's sis ss 
Voom. (wt (ml fee/min) stseee es 
Pulse oxygen (cc02/kg/beat)... 
aS) AOD AAD dtd erate 


Submaximum =— Stage If 
Heart rate = (beats/min) ..... 
Systolic Pressure (mm Hg)..... 
Pressure x Rate product (/100) 
Vooe (l/min) cescedeareve css 
Vom /utae(miy ke/miny i aeesese: 
Pulse oxygen (cc0>/kg/beat)... 
Ree 0, EP tah ere EO 
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Leade(icpiy Min). eee cees 
Heart rate (beats/min)....eees 
Systolic pressure (mm Hg)..... 
Pressure x Rate (/100)......0. 
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Heart rate (beats/min)...-ceee 


Systolic Pressure (mm Hg) .... 
Pressure x Rate (/100) ....06. 
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MULTISTAGE TEST 


eee ete ee 


Variables on 8) kee oth ELEN eae Time in Months 
NOME NORO Ea RUIZ, -aNISy 
Maximum = 
Pipationtofrest secs) «orcess 555 780 - - 
Heart rate (bests/min)........ 153 164 “ - 
Systolic pressure (mm Hg)..... 190 170 - “ 
Pressure x Rate product (/100) 291 279 - ~ 
WiC awa (R/ min) ts steate selayeiers easieis ves 222309) #32100 = - 
MOn m/e o © (Gnly Wem) eecice ce 3) DOM mL scce = = 
Pulse oxygen (cc0,/kg/beat)... APPS ON ho Ree og Al ~ - 
Reed. Sialelorsierarevele cies cies t e/eio 1.00 094 = = 
Submaximum - Stage I 
Heart rate ~ (beats/min) ..... 110 89 = & 
Systolic Pressure (mm Hg) .... 155 130 - “ 
Pressure x Rate product (/100) HLgAL 116 = - 
UGere ly Mana eters eee eres ste ciate = s es 60u 1 wei30 ~ - 
VO y ae (m1/kg/min) ereervece Loe 15.99 ae = 
pales oxygen (cc0>/kg/beat).. mee: - 70 = - 
Submaximum ~- Stage II | 
Heart rate - (beats/min) ..... ee 103 “ - 
Systolic Pressure (mm Hg)..... 173 122 “ - 
Pressure x Rate product (/100) 219 126 - ~ 
Wits AOA Abs or nico dda alpine) § absopie - ~ 
VO> / whe (m2/ico/min) 2.4 0. + «. 25 Sel, Gf, - - 
Pulse oxygen (cc0,/kg/beat)... 219621) 2106 - - 
Re Q. Brateeta sere sie e eiets aieleteveus 29 Ages - - 
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Taal Crain) tae. holes Sates 825 900 1200 - 

Heart rate (beats/min).....e6- 135 120 145 - 

Systolic pressure (mm Hg)..... 130 110 130 

Pressure x Rate (/100) ....... 176 132 189 “ 
TREAD MILL 

BROOM) sles aie cies s/s! sieteie's Mp: 4.8 5.0 ~ 

Bie vat One) islsins 3 sees ls arocats 0 3 8 - 

Heart rate (beats/min).....00. 132 135 128 - 

Systolic Pressure (mm Hg)... 130 130 110 - 

Pressure x Rate (/100) ..eeree 170 176 a: - 
Plasma Cholesterel (me%) ...s5 esses ae 259 ae fa 
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